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C.M.1. Coal Dryers are 


Welded with GENEX and HARDEX 


Structurally the cleverly designed coal dryers built by 
Centrifugal & Mechanical Industries of St. Louis stand 
up under severe impact and vibration in their work of 
drying more than 75 tons of coal per hour. Genex is 
used in the fabrication of these remarkable units 
because it assures welds of more than ample strength 
and too because among E-6012 electrodes it is out- 
standingly economical in operation. It is easy to handle 

. . Spatter loss is low . . . and the electrode can be 
used at appreciably higher currents than normal 
without overheating. 


METAL & THERMIT CORPORATION 


For STAMINA and 
ABRASION RESISTANC 
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Another notable feature of these C.M.I. units is th 
hard facing of every surface which comes in conta 
with coal in motion. Here because it is economical i 
cost and is as easy to use as a Mild Steel electrode 
Hardex 60 is employed for overlaying an extreme! 
tough abrasion resistance deposit on rotor vein guide: 
etc. 

Among the 90 odd electrodes in the M & T line ther 
is sure to be one or more which can bring simil 
advantages to your welding operations. Write for mo! 
details today. 
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New Factors to Be Considered in the 
Design and Welding of Ships 


By Milton Forman‘ 


HE past fifteen years has seen an unprecedented 

expansion in the application of welding. Not only 

has welding replaced riveting and casting in many 
fields, but a multitude of new products have been devel- 
oped through the use of this highly versatile process. 

The greatest progress has been achieved in the design 
and fabrication of small and medium sized structures. 
Here, welding has been tried and tested, and is accepted 
as the best and most economical process. Its application 
has especially been wide in the following industries: 
pressure vessels, machinery, sheet metal, ordnance, 
automotive, railroad, etc. 

However, certain difficulties have been encountered 
in the design and construction of large all-welded struc- 
tures such as bridges and ships. The highly publicized 
failures of T-2 Tankers and Liberty ships are still haunting 
the welding industry. The failures of these ships and 
some bridges acted as a catalyst for large scale research 
and scientific investigation into the characteristics of 
steel, the effect of welding and the standards of design for 
welding. These investigations have borne fruit and we 
are closer to a fuller understanding of the problem and 
its solution. 


Riveted Ships Have Also Failed 


It should be mentioned that structural failures were 
not limited to welded ships. E. M. MacCutcheon has 
reported that the Oakley L. Alexander, the Oklahoma and 
the Mielero, ali riveted ships, broke in two in a manner 
practically identical to the failures of the welded ships. 
In addition, it is known that the Leviathan and the Majes- 
fic cracked their main decks. There is no doubt that 
there were many less spectacular fractures on riveted ships 
which have never been recorded. It has only been since 
the failure of welded ships built in World War II that 
complete records have been kept. 


Approach of Designer 


_ In the past, a naval architect, in designing a ship, was 
limited by a rather static point of view. He estimated 
the load and computed the stress assuming that each 
component part would carry its proportion of the load. 
This was assumed regardless of the notch or discontinuity 
inherent in the design. That is why hatch corners were 
designed square, and felt to be safe if the scantlings were 

* Scheduled for Twenty-Ninth Annual Meeting, A.W.S., Philadelphia, Pa., 
week of Oct. 24, 1948. 


ae Formerly, Welding Engineer, United Engr. Co. now Welding Engineer 
Battelle Memorial Institute 


sufficient. It has long been known, and sad experience 
has again taught us that sharp discontinuities concen- 
trate stress in a relatively small area, and that this con- 
centration of stress can exceed the fracture strength of 
the material in way of the notch. Thus, the structure 
can fail at a load far below its design strength. This is 
especially true if local elongation does not occur near the 
notch and thereby prevent a redistribution of stresses to 
other locations away from the root of the notch. This 
basic fact holds true whether the structure is riveted or 
welded. The reason why riveted structures do not seem 
to be as susceptible to notch effects is that a certain 
amount of elongation and slippage takes place at the 
riveted joints and the stress concentration is reduced at 
the notch itself. The general behavior is the same, the 
degree of stress concentration and the elongation of the 
specimen as a whole is different. 


Difference Between Riveted and Welded Structures 


As we all know, the very act of welding develops a 
continuity which had not previously existed in riveting. 
This continuity results in a different set of conditions for 
the transmission of stresses when a load is applied to the 
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Fig. 1—Specimens Showing Behavior of Riveted and Welded 
Structures When Loaded 
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Fig. 2—Hatch Corner Tests 
From De Garmo 


happens. When the unnotched riveted specimen No. | 
is pulled in tension, there will be a concentration of stress 
at the many rivets, and as the load is increased, slippage 
will occur at the rivets. If the rivet size and spacing are 
correct, the specimen will fail only after its full design 
strength has been utilized. The specimen will behave ina 
ductile manner and the fracture will be shear in character. 

In the case of unnotched welded specimen No. 2, the 
full design strength will also be achieved. However, 
there will be nothing to impede the uniform distribution 
of stress throughout the entire section. The specimen will 
also act in a ductile manner and a similar shear fracture will 
result. It is therefore evident that unnotched specimens, 
both welded and riveted, will develop their full design 
strength. Of course, the riveted specimen would either 
have to be wider or thicker in order to sustain a load 
equal to that of the welded one. 

However, when the notched specimens Nos. 3 and 4 
are tested, it will almost be impossible to predict their 
point of failure by calculating the effective cross-sectional 
area. The riveted specimen No. 3 will undoubtedly ab 
sorb more energy before failure. For, when the load is 
applied, a redistribution of stress will take place at the 
rivets, and therefore the full concentration of stress will not 
immediately be developed at the notch located in the center 
of the plate. In specimen No. 4, the stress will be uniformly 
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Fig. 3—Hatch Corner Tests. Basic Design 
From De Garmo 
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distributed except in the area of the notch. There yw 
a greater concentration of stress at the notch wit}, py 
dissipation at the rivet holes. In addition, the notch i) th 
welded specimen may be more effective because of gr:atey 
constraint or ‘‘size’’ effect. The mass of restraining ina 
terial in the area of the notch is greater in the contin 
welded specimen than in the discontinuous riveted or 
On the whole, the riveted specimen will act in a mor 
ductile manner. 















Importance of Design 










The research of the past few years has tended to 
centrate attention on notch sensitivity as the basic caus: 
of ship fractures. While it is true that the low not 






































toughness of ship steel is a precondition for prematur . 
failure, I believe more emphasis can be placed on the 
sign aspects of the problem. Recent work done at 
University of California and statistical records of th 
U.S. Coast Guard seems to bear this out. 
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Fig. 5—Hatch Corner Tests. A.B.S. Design 
From De Garmo 


Effect of Design on Hatch Corners 








Figure 2 charts some of the results of hatch corner tests 
at the University of California. It is to be noted that in 
each case the same notch sensitive ship steel was used 
and the welding electrode and welding procedure was 
standard. A careful analysis of the results shows that a 
design change which tended to alter the flow of stress fron 
the square hatch corner itself, brought greatly improved © 
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Fig. 6—Hatch Corner Tests. Kennedy Design 
From De Garmo 


sults. The basic square hatch corner is shown in Fig. 3. 
[he only improvement in Fig. 4 is that the longitudinal 
coaming was extended for one frame space to attach to 
the deck. This allowed a fair proportion of the load to be 
carried to the deck itself instead of concentrating it at the 
corner, 

The A.B.S. design in Fig. 5 is a combined rounded 
and square design. It is to be seen that it also shows 
decided improvement over the basic design. However, the 
maximum nominal stress as shown in Figure 2 is slightly 
below the extended coaming design, while the energy 
absorption is considerably improved. In essence, both 
Figs. 4 and 5 remain square hatch corners with alterations 
to avoid the full concentration of stress at the square dis- 
continuity. The extended coaming seems most effective 
in increasing the breaking stress while the rounded off 
deck and girder flange of Fig. 5 seems to contribute most 
to increasing ductility and energy absorption. 


Kennedy Design Is Best 


Figure 6 shows the ideal Kennedy design. Here, for 
the first time, all aspects of a square hatch corner have 
been eliminated. A smooth transition has been achieved 
from every point of view. The test results in Fig. 2 
show that the maximum nominal stress and the energy 
absorption is now within close range of the standard 
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Fig. 7—-Hatch Corner Tests. N.S.C.G. Code 1 Design 
From De Garmo 
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8—Hatch Corner Design for C-3 Vessels 
Developed at Ingalls Ship Corp. 


Therefore, despite the in- 


herent design discontinuity, almost ideal conditions have 


been achieve 


Test Correlation with Actual Service 


E. M. MacCutcheon has reported that the University 
of California test results conform well with the actual 
service of these hatch corners on ships. 
that the Kennedy design has not as yet been used in ship 
.) Mr. 
points out that the hatch corner shown in Fig. 7 has had 


construction 


7799 


7722 ship months’ service time and no fractures have 
ever been reported. 
California of 
nominal stress and energy absorption was about equal to 
the results shown in Fig. 2 for the extended coaming 
Since the correlation with actual service is favor- 
able, it should be possible, within limits, to predict the 
ship service of various types of hatch corners on the basis 
of the full-scale tests. 
be good reason to accept the Kennedy design as ideal for 


design. 


ship design. 
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The test results at the University of 
this hatch corner showed that the maximum 
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General Comments 


It is to be noted that contrary to the other designs, 
the Kennedy type does not use the principle of reinforce 
ment as a strengthening measure. The design, as such, 
allows for ductile behavior under load and permits prac- 
tically the full utilization of the physical test properties 
of the steel. The low notch toughness plays practically 
no role since the effect of a notch has been avoided. 

Figure 8 shows a hatch corner, developed at Ingalls 
during the war, and used on C-3 Hulls. Although I do 
not have complete service time records, it was used on 
many ships which have been operating for years. To my 
knowledge, no fractures have ever been developed at it. 
Although it is superior to most other designs, it is my 
opinion that it is still inferior to the ideal Kennedy design. 


Effect of Size and Thickness on Design Strength 


Available test information indicates that plate thick- 
ness and specimen size has a decided effect of the strength 
of structures where an inherent notch exists. The results 
of some further tests at the University of CaJifornia makes 
available interesting information on this subject. Part 
of the test results of Fig. 9 are rather illuminating. The 
full-size basic square design specimen, normally welded, 
broke at a maximum nominal stress of 24,000 psi. The 
half size specimen reached a maximum stress of 39,000 
psi., while the quarter size specimen reached as high as 
48,000 psi. The effect of specimen size, therefore, had a 
major effect, since this was the only variable in these tests. 
Some other interesting test results are shown in Fig. 10 on 
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Fig. 10-—Effect of Size on Notched Tensile Specimen 
From Brown, Lubahn and Ebert 


notched tensile specimens of various diameters. 
be noted that both the notch strength and notch duc- 
tility are greatly reduced as the specimen diameters are 
increased from '/, to 1'/¢ in. 

The thickness of the plate seems to have a distinct re- 
lationship to the notch toughness of the resultant struc- 
ture. Figure 11 supplies additional evidence in support 
of this assertion. The same steel was tested under the 


same conditions except that some of the specimens were 
'/, in. in thickness and the others were 1 in. The speci- 
mens were tested by the slow-bend notched-bead test. 
It is to be noticed that the bend angle is approximately 
'/; in the case of the thicker 1l-in. plate. One could con- 
clude from this that the effectiveness of the notch is de- 





674 


It is to 


THE WELDING JOURNAL 


CHEMIGAL COMPOSITION ee ee 
STEEL C MN P ssi wi cr cu a2 
|2F .30 0.76 .035 .040 20 13 .04 22 . 


a 37 1.50 .016 .032 .23 10 .05 22 | 


Vr 





















80-4 TREATMENT OF SPECIMEN PRIOR TO BEND 
A- AGED FOR 24 HOURS. 

® 70- 
. 8~ AGED FOR 7 DAYS 
x 
“ 60~ C- AGEO 6 DAYS, HEATED 24HRS. AT 2\0°5 
‘ TESTED AT AGE 8 DAYS 
a 50 
— 
° 
a 
= 40- 
7 
7 
- 30- 
~ 
fo} 
& 20 
ca 
3 w- 
: Tie 
eo 
3 ° C ascy] 

STEEL 2F | STEEL af | STEEL 2F | steecar | 

uM - 

eh ‘PLATE _" mare 

Fig. 11—Effect of Com mposition Thickness and Treatment on 
Ided Specimen 


From Voldrich, Bennett and Martin 


pendent on the mass of restraining material in the im 
mediate area. 

The above results may indicate a new approach to ci 
signing in way of discontinuities. Jt may be advisable ‘ 


make every effort to reduce the thickness of plating in way of 


discontinuities, instead of increasing the same through the 
use of doubler plates. The above may possibly x 


achieved, either throt gh the use of higher strength steels 


in way of discontinuities, or by designing the structure s 


that the heavier members are located in those portions 


which contain no change in continuity. 
Box Girder Tests at National Bureau of Standards 


Five large 9 ton girders were built for testing at th 
National Bureau of Standards. Each was 23 ft. 6 wu 
long and constructed from 1'/2- and 2'/»-in. plate as show: 
in Fig. 12. The girders were designed and welded i 
order to develop the most severe restraint through 
abusive welding sequence and excessive welding. Th 


aims of the tests were to determine the effect of testing 


temperature and severe geometrical constraint on a larg 
rigid structure. 
workmanship did not introduce a deliberate notch effect 


— LOAD 
- 23'6" | 











b= Les k= == =sa=23) f 
7 SIDE view , t 





2-1/2" 





ey 











++ 1-172" det 


SECTION 





‘RA Aaa 512 144 


BOTTOM view 


Fig. 12—-Design of Box Girder 

















Care was taken that the design and 
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Fig. 13—-Properties of Test Coupons of Box Girders 


The welding sequence was executed to develop as high 
reaction and residual stresses as possible. 

An examination of the physical properties as measured 
by tensile specimens are recorded in Fig. 13. A glance 
will show that the semikilled, ship steel of Box Girder 
No. 1 did not vary much from the fully killed steel of the 
other girders. In fact, the semikilled steel had better 
elongation and reduction in area than the fully killed 
steel. Also, various testing temperatures of the fully 
killed steel, as measured by an unnotched tensile speci- 
men, showed very little difference in test results in terms 
of yield point, ultimate tensile strength, elongation and 
reduction in area. However, the impact values resulting 
from the Charpy test with an Izod notch, showed very 
great discrepancies between the two steels, as well as 
much lower values with a decrease in temperature. The 
semikilled steel had much lower impact values at room 
temperature (Fig. 14). 


Test Results 


There seems to be a rough correlation between the im- 
pact values and the test results. When the impact 
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Fig. 14--Charpy Impact Values of Box Girder Steel 
From Boyd 


values were below 25 ft.-lb. at a specific testing tempera 
ture, the girders broke in a brittle manner. When the 
impact values were above 25 ft.-lb., the girders behaved 
in a completely ductile manner and did not break at all. 
As shown in Fig. 15, fully killed Box Girder No. 4 tested 
at 0° F. resisted a greater load than semikilled Girder 
No. 1 at 78° F. 

It is important to recognize that despite the low impact 
values of the steel itself, 4 of the 5 girders, developed more 
than their calculated design strength at the extreme fibers 
of the side plate. Even in the case of Box Girder No. 2, 
tested at —42° F., the calculated stress at the extreme 
fiber was 60,000 psi. as compared to the ultimate tensile 
strength of the test coupon of 70,000 psi., at the same tem- 
perature. 

It would therefore seem that a welded structure without 
a design notch can develop more strength than indicated by 
the tensile test coupon. This is even more important, since 
previous emphasis in the case of welded structures has 
been that they never seem to perform as well as unwelded 
structures when a notch effect exists. The low notch 
toughness of steel tended to becloud the fact that well 
designed unnotched structures perform in a ductile man- 
ner and easily fulfill their design strength under normal 
operating conditions. 


Greater Familiarity with Steel Needed 


In the past, some naval architects seemed to be con- 
cerned but little with all of the properties of steel or its 
testing. We all know that the accepted physical tests of 
steel to determine whether it meets specifications only 
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Fig. 15—Calculated Stress in Box Girders at Failure 


use ideal, unnotched conditions. Since we were not too 
well aware of the importance of notch sensitivity, littl 
effort was put into eliminating those design features 
which produced a notch effect. The research and think 
ing of the past few years has placed great emphasis on 
this very important characteristic of steel. Notch tough 
ness is not at all a static property of steel. It varies 
much more than any of the other properties of steel when 
influenced by any single one of the following factors; 
sharpness of the notch, rate of loading, temperature, 
deoxidation practice in the making of the steel, metal 
lurgical structure. 
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Sharpness of Notch 


It is rather obvious that the sharper the discontinuity 
or notch effect, the greater will be the concentration of 
stress at the root of the notch. In addition, the sharper 
the notch, the more it will tend to restrict plastic, ductile 
behavior and cause the structure to fail at a lower load 
and in a brittle manner. Laboratory evidence substan- 
tiating the above has been presented by Zeno and Low. 
Their tests show that the sharper the notch, the higher is 
the transition temperature to brittle fracture. Also, the 
deeper the notch for a given specimen thickness, the 
lower is the transition temperature. The latter again 
emphasizes the ‘‘size’’ effect, since the deeper the notch, 
the less is the mass of restraining material and the less is 
the constraint. 


Rate of Loading 


It has been fairly well established that the more rapid 
the loading rate on a notched specimen, the lower will be 
its resistance to fracture. The rate of loading, however, 
becomes a factor when its value is well above those pro- 
duced by static loading. In the case of ships, the loading 
rates are rather low and fall within the general range of 
static loading. From all information available to_ this 
author, in no case has it been established that the loading 
rates encountered in ship operation reach a point where 
they would be considered a significant factor. 


Temperature 


The lower the temperature, the less is steel able to 
absorb energy, and the lower is its notch toughness. This 
has been rather well established by such studies as shown 
in Fig. 16. It is readily evident from this that slight 
changes in temperature, such as 10 or 15° F., reduce the 
ability of steel to absorb energy to an alarmingly low 
point. When tested by notched tensile specimens, it is 
noted that rimmed steel is extremely low in energy ab- 
sorption at room temperature, while killed steel reaches 
its low values at +10° F. The above results are con- 
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Fig. 17--Effect of Pretreatment on Welded Silicon Killed-0.25 
Carbon Plate 
From Stout and McGeady 


firmed by many tests including the standard impact 
and slow bend tests. 







Deoxidation Practice 


Deoxidation practice in the steel mill has long been 
known to have a decisive effect on the impact values and 
notch toughness of steel. Another glance at Fig. 16 con 
firms this when the semikilled and fully killed steels are 
compared. At 25° F., killed steel absorbed almost 2,80 
000 in.-Ilb., while the semikilled steel absorbed less than 
800,000 in.-Ib. 


Heat Treatment and Metallurgical Structure 


The heat treatment and metallurgical structure 
steel has a decided influence on the notch toughness ol 
tested specimens. Figure 17 depicts one such comparison 
between a single type of steel in the as-rolled condition as 
compared with the spheroidized heat-treated condition 
It is to be seen that the bend angle of a slow-bend notched 
specimen shows much better bend angles for the spheror- 
dized specimen than for the as-rolled one. 


Effect of Welding 


A. great deal of evidence is available showing that the 
welding process has little if any effect on an unnotched 
tensile specimen in terms of yield point, ultimate 
strength, reduction in area and percent elongation. This 
fact previously lulled us into a feeling of security 
However a preponderant amount of evidence now points 
to the conclusion that welding has a negative effect on 
the notch toughness of steel. 

Another glance at Fig. 17 shows the effect of welding 
on both the as-rolled and the spheroidized plates. !t 
will be noted that, in these notched, slow-bend spec'- 
mens, the bend angle in the as-rolled plate at 0° F. wis 
reduced from 27 to 5'/,°. The spheroidized plate s1 
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Fig. 18—Effect of Welding Technique on Transition Tempera- 
ture 
From Grossman and Shepler 


fered similar results with the bend angle being reduced 
from 45 to 10° at the same temperature. 

This detrimental effect of welding on notched speci- 
mens has also been confirmed by all other tests which 
attempt to evaluate notch toughness and notch ductility. 
It must be emphasized that a sharp notch or discontinuity 
must be present in order for this effect of welding to be- 
come operative. It should also be considered that struc- 
tures, which are well designed and constructed through 
the elimination of any type of notch effect, perform ex- 
tremely well. 


Welding Procedures Can Improve Performance 


The performance and strength of a welded structure 
can be improved by the use of different types of elec- 
trodes, preheating, postheating and special welding pro- 
cedures. 

Welding Electrodes: Referring back to Fig. 9, it will 
be seen that the use of 25-20 stainless steel electrodes and 
the lime coated ferritic electrodes tend to give better per- 
formance when used on the full-sized, square hatch 
corners. The two hatch corners, welded with the above 
two electrodes, were tested at a temperature of 68° F. 
below the normally welded one. Yet, the lime-coated, 
ferritic-welded one shows about the same strength, and 
the 25-20 stainless steel welded one shows an increase of 
approximately 5000 psi. 

The above is confirmed by an analysis of the transition 
temperatures to brittle fracture of various types of elec- 
trodes and welding methods portrayed in Fig. 18. It 
is immediately evident that the lime-coated ferritic 
electrode and the process of automatic welding gave very 
low transition temperatures in the weld metal as com- 
pared to the unaffected base plate. The highest transi- 
tion temperature is encountered about 1 in. from the 
center of the weld in the heat-affected zone. At that, the 
highest transition temperature at this point is never more 
than 13° F. above that of the unaffected plate. 

The use of E-6020 electrodes shows better results than 
E-6010. The E-6010 electrode shows its worst effect at 
the fusion zone, while the E-6020 reaches the highest 
transition temperature well in the heat-affected zone. 

It is rather interesting to note that the oxyacetylene 
welding process offers the poorest results, and the zone 
most affected is the center of the weld itself. 

It is to be remembered that, in the testing of notched 
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specimens, the lower the transition temperature to brittle 
fracture, the better is the notch toughness of the steel. 
Many reasons have been advanced for the diverse 
effect of different types of electrodes and processes on the 
notch toughness of steel. Some of these reasons include: 
heat input and its effect on the metallurgical structure 
due to a change in the cooling rate, chemical composition 
and hydrogen content of the weld metal and, to a much 
smaller extent, stresses due to the welding process itself. 


Heat Input Affects Notch Toughness 


Heat input, as measured by welding speed where other 
factors are constant, seems to have a direct effect on 
notch toughness. Figure 19 amply shows that a welding 
speed of 6 in. per minute results in higher bend angles for 
notched, slow-bend tests than a welding speed of 10 in. 
per minute. This holds true both for semikilled and 
fully killed steels. 

In addition, Fig. 9 shows that a preheat of 400° F., 
gave much better results in the hatch corner tests. 
Not only was the ultimate unit strength increased by 
7000 psi., but the energy absorption increased from 400,- 
000 in.-Ib. to 1,350,000 in.-Ib. It seems here that the 
arresting of the cooling rate and the improved resultant 
metallurgical structure contributed to the better results. 


Aging Improves the Notch Toughness of Welded 
Specimens 


Some of the work at Battelle offers an explanation for a 
phenomenon noticed in weld testing. We are all familiar 
with the fact that the incidence of failure of weld bend 
specimens seems to be higher when the specimen is bent 
immediately after welding. Figure 11 depicts this rather 
well. It can be seen that the specimens which were aged 
7 days gave better bend angles in the notched, slow-bend 
test. This might well be remembered when welder 
qualification tests are conducted. 


Practical Conclusions Relating to Ship Construction 


1. It has been rather well established that square 
hatch corners can fail at relatively low stresses in the 
neighborhood of 24,000 psi. Therefore this type of dis- 
continuity should be avoided at all possible locations in 
the development of ship design. 

2. Most of the improved designs, which have already 
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Fig. 20—Effect of Torch Postheating on Welded 0.25 Carbon- 
Silicon Killed Steel 
From Stout and Mc Geady 


been applied to ships, maintain some aspect of the in- 
herent square corner. Some individual characteristics of 
the square hatch corner design have been improved. In 
one case, improved performance was achieved by only 
extending the longitudinal coaming for one frame space, 
retaining the square hatch corner as such. In all of the 
altered designs, improvement is achieved because more 
favorable conditions were developed for the transmission 
of stresses by the avoidance of the full concentration of 
stresses at the square corner itself. In all cases, except 
the Kennedy design, a reinforcing doubler plate is pro- 
posed. 

3. The most effective new design presented com- 
pletely eliminates all characteristics of the square corner. 
This is the hatch corner designed by Harry E. Kennedy. 
Here, no doubler plate was fitted in way of the corner it- 
self. Instead, a rounded corner was incorporated in the 
vertical and horizontal members. Complete ductile be- 
havior resulted and the specimen failed at some distance 
from the corner. 

4. Since thickness and size seem to have a detrimen- 
tal effect where a notch effect exists, it may be advisable 
to start thinking in terms of reducing the thickness in way 
of discontinuities and compensating for it, by either the 
use of higher strength steels or by using increased sections 
in way of neighboring locations which do not possess 
discontinuities. 

5. Riveted structures with discontinuities do not 
show greater ultimate unit strength than welded ones. 
But they do tend to absorb more energy. There is no 
basic difference between the behavior of riveted and 
welded structures under conditions of a notch effect. 

6. Any of the above-mentioned changes in hatch cor- 
ner design had a greater effect on improving their perfor- 
mance than any change in welding electrode, preheat, 
postheat and welding procedure. Therefore, regardless 
of the improvement of the notch toughness of steel, the 

effect of the notch must be eliminated from design and 
workmanship. 

7. Semikilled ship steel has rather low notch tough- 
ness and ductility at room temperature. Efforts are 
being made to change the qualities of this steel in this 
respect. In addition, specifications, at present, do not 
call for a test to evaluate the notch toughness of steel. 

Many small tests are being considered. The general 
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Fig. 21—Slow Bend Ductility Test Recommended by A. B. 
Kinzel 


trend is in the direction of a slow-bend ductility test along 
the lines of the one proposed by Dr. A. B. Kinzel in Fig 
21. Evidence is available which indicates that this type 
of test would be able to fairly closely evaluate the ducti! 
ity and resultant behavior of the steel structure under 
service conditions. 

8. The act of welding to a certain extent impairs the 
notch toughness of steel. Methods are available which 
can restore this property to the steel. The most effective 
methods are preheating and postheating. Different 
types of electrodes also have some little effect on improy 
ing notch ductility. 
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The Resistance-Welding Characteristics 


of the Dry Disk Rectifier Welder 


By C. E. Smith and R. H. Blairt 


The paper consists of a general discussion on 
the electrical operation and electrical char- 
acteristics of the dry disk rectifier welder show- 
ing its method of obtaining direct current for 
welding and the wave shapes obtained by this 
method. The secondary wave shapes are rather 
new and novel in comparison to present 60-cycle 
frequency welding machines, in that the rate of 
rise of current is much slower, producing some 
very interesting results in the welding of certain 
materials. The advantages and disadvantages 
of the secondary wave shape and the self-regu- 
lating effect in spot, seam, projection, push butt 
welding of aluminum, low-carbon steel, stainless 
steel and other alloys are covered. This device 
with its 3-phase balanced load and high power 
factor not only makes it a very good correction 


istics of the equipment. General description of the rec 
tifiers and the electrical characteristic of the dry disk 
rectifier machine is included. 


General Description 


The 3-phase dry disk rectifier power pack (magnesium 
copper sulphide type) to produce the d.-c. secondary 
welding current replaces the conventional single-phase 
a.-c. welding transformer. The power pack consists of a 
4-phase full-wave rectifier circuit and the rectifier trans 
formers. Figure 1 is a photograph of a Tri-Phase dry 
disk rectifier machine, an R.W.M.A., Size 3 press welder. 

Each rectifier stack consists of a group of heavy copper 
plates, like sections of bus bars, assembled together on 
bolts with disks of magnesium and disks of copper, coated 


device in lowering the kva. demand in compari- 

son to the single-phase a.-c. machine, but also 

produces secondary wave shapes that are more 

desirable for welding of certain materials than 

that which is found in the simple, single-phase 

a.-c. machine wherein the rate of rise of current 
is controlled by the 60 cycle frequency. 


Introduction 


NGINEERING investigation of 3-phase welding 

machines of the power factor correction type has 

been carried on by The Taylor-Winfield Corp. 
for over a period of six years. During the early part of 
this period, engineering thoughts were directed to accom- 
plish a resistance-welding device to reduce the kva. de 
mand and divide the primary current over the three 
phases of the power supply systems. The combination 
of greatly reduced power demand, 3-phase balanced load 
ind high power factor diminishes the power charges, im 
proves the line voltage regulation, minimizes light flicker, 
permits more or heavier welding from an installed power 
supply and equalizes power line currents and heating of 
power distribution equipment. Since the power demand 
ol this type of welder remains essentially constant, re- 
gardless of throat depth, greater use can be made of 
welders with deeper throat depths and increased work 
clearances. 

The purpose of this paper is not to describe the 3-phase 
dry disk rectifier machine as a correction device or its 
effect on the power supply system in comparison to other 
types of resistance-welding equipment, but to offer en- 
gineering information in regard to its application in the 
welding of certain materials, a discussion of the secondary 
current wave shape and the self-regulating character- 


* Scheduled for Twenty-Ninth Annual Meeting, A.W.S., Philadelphia, Pa. 
week of Oct 24, 1948 
| The Tayler-Winfield Corp., Warren, Ohio 
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Fig. 1—Tri-Phase (Dry Disk Rectifier), Size 3 Press Welder 

















Fig. 2—-Magnesium-Copper Sulphide Rectifier Stack 


with copper sulphide between the plates. Each alternate 
plate is connected to the transformer secondary ter 
minals with intermediate plates connected to the welder 
secondary conductors. The alternating current must 
pass through the plates connected to the transformer 
terminals, through the disks to the adjacent plates and 
then through the adjacent plates to the welder conduc 
tors. The combination of the magnesium and copper 
sulphide coated copper washers has the characteristic of 
permitting current to flow in only one direction, and thus 
rectifies or converts the alternating current to the direct 
current. Figure 2 shows one of the conventional stacks 
used in Tri-Phase welders and Fig. 3 shows a cross section 
through an assembly of the plates, disks, etc. 

At the present time there are various types of dry disk 
rectifiers manufactured and it is worth while to give con- 
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Fig. 3—-Cutaway View Through Typical Rectifier Stack 


impedance loads. 


maximum efficiency as long as the impedance adjust me: 
must be in the load circuit, not in the rectifiers ¢! 
selves. 


Figure 4 shows the relative efficiency of rectifier: 
vs. the operating temperature, of the copper sulphid 
(Mg-CuS), the selenium rectifier (Se) and the « 
oxide rectifier (Cu.O). 


sideration to these various types of rectifiers in 
plication of welding machines in regard to curren ¢ 
sity, relative efficiency vs. temperature and per cent 
rectifier life vs. operating temperatures. 

Proper Analysis of the Efficiency.—A study 
low impedance curve and efficiency data will show tha; 
the efficiencies are lowest at low current and with; | 
With a given load current, th. 
ciency will improve as the load impedance increases 1 
to a point where the load impedance equals the rectifie 
impedance. In the resistance-welder applications, th 
is no object in attempting to operate the rectifiers at 


The per cent relative efficiency 
given on the vertical axis and the temperature in ° 


given on the horizontal axis. 
The application 


the maximum temperature rise does not exceed standar 
specifications of permissible transformer temperatur 


rises. 
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copper oxide rectifier. 


of the various types of rectifiers and their ability 


Current Densities. 


of the dry disk rectifiers in th 
Tri-Phase welding equipment is selected thermally so t! 


handle current density. 
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ture 
life in the vertical axis vs. temperature in ° F. on th 
horizontal axis showing that the magnesium-copper sul 
phide rectifier is not influenced by temperature until t! 
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Fig. 4—Relative Efficiency of Rectifiers Vs. Temperature (After 
Approximately 5 Hr. at Each Temperature) 


40 


20 


D.C. AMPERES PER SQUARE INCH 





Fig. 5—Current Density—-Continuous and Intermittent Opera 
tion 
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Per Cent of Rectifier Life Vs. Operating Temper 
Figure 6 is a chart showing the per cent of nor: 


Figure 5 shows the cell-curre: 
densities, continuous and intermittent operation, for t! 
copper sulphide rectifier, the selenium rectifier and t 

The vertical axis is shown as th 
d.-c. amperes per square inch, giving the relative \ 
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Fig. 6—Per Cent of Rectifier Life Vs. Operating Temperature 


relatively high-temperature value of approximately 300 
F. is reached. 

t. Installation Record.—Figure 7 shows an installa- 
tion record of heavy-duty magnesium-copper sulphide 
rectifiers from 1938 to 1946 vs. the rectifiers installed per 
vear. The rectifier stacks installed per year will give the 
total of 140,000 rectifier stacks over a period of eight 
vears. 
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Fig. 7—Installation Record of Heavy-Duty Mg-CuS Rectifiers 







5. Size of the Rectifier Stacks—The size of the rec- 
tifiérs in respect to the application of the three types of 
rectifiers has been given serious consideration. The 
magnesium-copper sulphide rectifier has been found to be 
of such physical dimensions that the power pack, com- 
plete with rectifier transformers, can be installed in a 
standard line of welding machines. Figure 8 shows a 
photograph of a completely assembled power pack ready 
lor installation into the frame of the welding machine. 
















Electrical Characteristics of the Dry Disk Rectifier 
Machine (Mg-CuS) 







Correction Factors 








Curve A in Fig. 9 shows a typical ratio 


and their application to a specific job. 

















Fig. 8—Tri-Phase Power Pack (Mg-CuS Rectifiers) 


3-phase a.-c. line current when making a typical weld 


Power Pack Impedance 

Electrical design engineers are constantly confronted 
with the inherent limitations of all electrical apparatus 
It often appears 
to the engineer that these various inherent characteris- 
tics are working against his desired results. Seldom does 
an inherent characteristic of a piece of apparatus appear 
to aid the engineer, but with the application of the mag 
nesium-copper sulphide rectifiers to resistance-welding 





KVA DEMAND PER PHASE 


TOTAL 3@ KVA DEMAND 


RATIO 


POWER SUPPLY FREQUENCY 
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THROAT DEPTH 
Fig. 9—Ratio of Single-Phase Kva. Demand of an A.-C. Welder, 


Uncorrected, to Kva. Demand of Tri-Phase Welder (Producing 
the Same Welding Current at Each Indicated Throat Depth 
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of single-phase kva. demand of the simple 
a.-c. welder to total 3-phase kva. demand 
of a tri-phase welder when producing 
the same welding current at each in- 
dicated throat depth. Curve B is a _ 
typical ratio of single-phase kva. demand 
of a simple a.-c. welder to kva. demand 
per phase of a triphase welder when 
producing the same welding current at 
each indicated throat depth. Figure 10 
isan oscillograph showing the d.-c. weld- 
ing currentin the secondary ofa Tri-Phase 
welding machine and the balanced 
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Fig. 10—Oscillograph Showing the D.-C. Welding Current and A.-C. Primary 
Currents Making a Weld of 0.187 to 0.187-In. Low-Carbon Steel 
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Fig. 11—-Impedance Curve of Dry Disk Rectifier Power Pack 
(Tri-Phase Mg-CuS) 


machines, the impedance characteristics of the rectifiers 
produce the seldom found but desirable over-all welder 
characteristics. Figure 11 shows a typical impedance 
curve of the dry disk magnesium-copper sulphide type of 
rectifiers, plotting impedance in total microhms vs. thou 

sands of a.-c. (rms.) amperes. Note that the copper sul 

phide rectifiers possess a negative resistance character- 
istic which greatly benefits the application of the welding 
machine in regards to a self-regulating characteristic that 
is described in the next paragraph. 


The Self-Regulating Characteristics of the Tri-Phase 
Welding Machine and the Effect of Work Resistance 


Like all high-power factor devices similar to the series 
capacitor power factor corrected single-phase machine 
and the 3-phase electronic frequency converter machine, 
the tri-phase dry disk rectifier welder is resistance limited. 
Therefore, more care must be taken in concentrating re- 
sistance in the work by making the welder resistance as 
low as possible. However, this characteristic must be 
given consideration in the application of such welding 
machines in comparison to a single-phase a.-c. machine 
that is handling high work-resistance values. 

Figure 12 is a typical chart showing the self-regulating 
characteristics of a Size 3, R.W.M.A., 36-in. throat depth 
press-spot welder. Curves are given for a conventional 
a.-c. single-phase welder, a tri-phase welder and the elec- 
tronic frequency converter welder. The ratio values in- 
dicate the change in current with and without work re 
sistance. Work resistance 108 XK 10~°*. 
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Fig. 13--Regulating Characteristics of a Tri-Phase Welde, 

The combination of the above power-pack impedane, 
characteristic working in conjunction with the d.-c. y, 
sistance of the welding machine produces a_ weld; 
machine with very desirable self-regulating characte; 
istics. Figure 13 is an oscillograph showing the effec), 
of the regulating characteristic of a 3-phase dry dis, 
rectifier machine when making three welds on th 
transformer tap setting and three different material 
0.125 to 0.125 3So aluminum, 0.250 to 0.250 cold-rol} 
steel and cross wire, °/i- and °/j6-in. low-carbon stee! 
wire. When welding aluminum, the current was 0S": 
short circuit; when welding the cold-rolled steel, 6 
and when welding the carbon steel wire, 38°. 

The self-regulating characteristic of the welding 
rent permits: 

















1. All welding schedules to be less sensitive. 

2. Less sensitivity to changes in work thicknes 
electrode wear. 

3. Closer spot spacing. 

In the spot welding of heavy material on alternating 
current such as two thicknesses of 0.187-in. low 
carbon steel, it is necessary to increase weldin; 
current of the second and all subsequent spots t 
maintain the same weld quality due to th 
shunted current, unless the spot spacing is 
proximately 3 in. or greater. This spot spacin; 
may be reduced to 1'/, in. when using a Tr 
Phase welder because the welding current aut 
matically increases to offset the effect of | 
shunting current 















This self-regulating characteristic is amplified by th 
change in impedance of the rectifier itself (inverse r 
sistance). As the work resistance becomes lower in valu 
the current increases accordingly. 

Due to its wide resistance conscious load circuit, th 
dry disk rectifier machine does not require electron 
phase shifting heat control apparatus for heat contro! 
weld. Figure 14 is a chart showing the tap switch set 
tings vs. per cent heat control (when measured unde 
dead short characteristics, without work). 
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Fig. 14—Heat Control Range Obtainable with Tap Switches 











SEPTEMBER 











fig. 15—-Heat Distribution. Tri-Phase and Frequency Converter 
Seam Welds (0.064 Aluminum). Tri-Phase Weld at Bottom 


The Wave Shape of the Direct Current 


Figure 10 is an oscillograph showing the rate of rise 
of current, maximum current determined by the E over R 
f the secondary circuit. The rate of rise of current is 
found to be normally faster than the usual R and L load 
circuit with a stiff power supply. The impedance char- 
icteristics of the rectifiers tend to change the total load 
ircuit making the initial rate of rise of current slightly 
ister. The dynamic resistance is greater than the static 
resistance, and thus the resistance is greater at lower 
loads. The secondary direct current is nonreversible, 
that is, the polarity of the current is the same on all welds. 
he direct current, without reversal of polarity or with- 
ut the change in current from one polarity to the next 


Fig. 16—Cross Wire Welding of Aluminum Rod with Tri-Phase 
Welder 


that is experienced in circuits of reversing polarity, pro 
duces a more constant 3-phase kva. load. 


The desirable nonreversing d.-c. welding current is 


advantageous for the following reasons: 


1. The value of the welding current remains essen 
tially constant as magnetic work or fixtures are 
moved into or out of the welder work area, or as 
the welder work areas are changed. 

The power demand of -deep-throat welders is only 
slightly increased over the power demand of 
short-throat welders of the same welding current 
output. Any slight increase or decrease is due to 
minor changes in the secondary circuit resist- 
ance. 

Better current and heat distribution in the work ts 
obtainable in many cases when using direct cur 
rent. Better heat distribution is obtained in 
welding of heavy current welds and welds where 
the weld area is widely distributed (such as a 
large ring type of projection welds). 

An illustration of heat distribution is shown in 
Fig. 15. Note the uniformity of the fused zone of 
a d.-c. weld made by seam welding with a Tri-Phase 
welder as compared with a weld made using an 
electronic frequency converter with its welding 
pulses of alternating polarity. The weld nuggets 
move out of true centerline with each impulse. 
Reduced electrode wear and electrode pickup as 

well as reduced work surface burning 1s obtained 

when using a Tri-Phase welder 


Fig. 17—-Photograph of Aluminum Stud Weld to the Side of a 
Pressure Cooker 
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in the form of spitting, blowouts or lack of setdown in the 
case of projections. 

Two examples to. illustrate this effect are shown jy 
Figs. 16 and 17. Figure 16 shows cross-wire welds mage 
in '/,-in. diam. aluminum rod on both 30-in. throat a. 
and dry disk rectifier machines. The d.-c. welds could be 
made consistently and repeatedly and set down a fy) 
100%. On the a.-c. welding of this material, it was ver 
seldom possible to make a weld without a work explosion 
If the heat of the a.-c. weld was set sufficiently high t, 
acquire the full setdown, the work would explode during 

Fig. 18—Primary Current Trace Showing Compensation for the fret locale — srr ag meat op ot low 

Decrease in Work Resistance in Aluminum Cross-Wire Welding enough to prevent the explosion at the start of weld, the 

heat level then was too low at the end of the weld time to 
acquire the full setdown. In this case it was found im. 
Welding Characteristics possible to fit a highly changeable work resistance into g 
practically fixed current level and obtain good results 

The setting up of weld schedules on the Dry Disk Rec- 0" direct current, the current changed inversely as the 
tifier Welder is a simpler operation for many types of work resistance and kept the rate of heat input to the 
work pieces than is the case on a single-phase machine WOrk more nearly constant. 
with 60-cycle welding current. There are even some _ lhis same effect was evidenced in the welding job oj 
welding operations that were found to be easily done on Fig. 17. Here a */s- x /:-in. aluminum stud was welded 
the dry disk rectifier machine and could not be performed © the side of a pressure cooker. Prior to doing the work 
on the 60-cycle machine. Reasons for this difference can © the dry disk rectifier maghine, the job was handled i 
be found for one or more in the following statements: an a.-c. machine where the current level was kept low 

1. The d.-c. wave, having practically a negligible enough to prevent the blowout and consequently was too 
ripple content, has almost a unity ratio of peak to rms. Ww to get the desired setdown. Therefore, the a.-c. weld 
current. This reduces peak instantaneous temperatures Merely served as a locator after which a bead was madi 
at localized spots and reduces the tendency for weld found the stud with a hand torch resulting in surfac 
spitting. . discoloration, annealing of the metal around the stud 

2. The d.-c. wave has a relatively low rate of rise, 44 high labor cost. Customers’ test results show that 
being usually 2 to 4 cycles in length depending on the R_ the straight d.-c. projection weld had 507% more strength 
and L machine characteristics, and thus maintains the than the previous welds made under a combination oi 
faying surface temperatures below spitting temperature 4-¢- and torch welding. — ! } 
values during the period of high-contact resistance at the Figure 18 shows an oscillogram of the line current nd 
beginning of weld time. how the current continues to rise to compensate lor th 

3. The addition of work impedance to machine im- decreasing work resistance during the setdown of the 
pedance is made in phase with the machine impedance !uminum cross-wire operation. The current here during 
and causes the heat level to automatically adjust itself the last half cycle is 2.6 times the amplitude during th 
(to a large extent) to the particular work impedance. first half cycle. 

Additional and final heat level adjustment can then be 
made by the transformer tap selector switch. 

Table 1 shows peak values of alternating and direct 
currents having the same final rms. values. Measure- 
ments are made from the start of weld time. Also shown 
is the ratio of a.-c./d.-c. peak watts from the beginning 
of weld time. Note that during the first quarter cycle 
of weld time, peak instantaneous watts are 24 times 
greater on alternating than on direct current. 


















































Table | 
Time from Ratio of 
Start of Weld, Peak Amperes Instantaneous Watts, 
Cycles A. C. ans. A Ce. C. 

1/, 1.41 0.285 24.5 
3/, 1.41 0.524 7.25 
1'/, 1.41 0.667 4.46 
13/4 1.41 0.761 3.43 
21/4 1.41 0.837 2.84 
23/, 1.41 0.882 2.56 
31/, 1.41 0.927 2.31 
33/4 1.41 0.960 2.16 
1.41 1.0 2.00 















| 





This table indicates that on certain types of weld 
jobs—namely, those jobs whose work resistance changes 
from a high value to a low value during the weld time, as 
well as those jobs whose work resistance may be quite 
erratic from piece to piece—considerable trouble would Fig. 19—Photograph Pipe Wrench Assembly. Two Projections 
be found in using a.-c. equipment. This trouble would be of 7/:s-In. Diam. Welded Simultaneously 
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TIME 


Primary Current Change When Welding the Pipe 
Wrench Assembly 


Spot Weld in 0.156 to 0.156 24ST Alclad Aluminum. 


Fig. 21 
Total 3-Phase Demand, 385 Kva. 


Weld Time, 18 Cycles. 


Figure 19 shows a pipe wrench assembly in which two 
projections of 7/1, in. diam. were welded simultaneously. 
[he accompanying oscillograph chart, Fig. 20, shows the 
line current changing from 240 amp. at the start of weld 
to 400 amp. at the end of weld or at the end of 137 cycles. 

Besides providing less critical weld schedules on d. -c. 
than on a.-c. welding, additional advantages are very 
vident from the d.-c. wave shape characteristic and cur- 
rent correction (self-regulating) characteristic of the dry 
lisk rectifier machine. Since there is much less tendency 
for weld spitting on direct current, lower electrode forces 
may often be used on d.-c. welding. In many cases the 
electrode force can be reduced to 50% of the a.-c. sched- 
ule to give a well-defined center of heat at the weld and 
less heating of the metal outside the weld but in the cur- 
rent path. This also means that a machine of a given 
mechanical capacity can handle larger welding jobs when 
operating on direct current than when operating on al- 
ternating current, providing neither machine suffers any 
‘urrent limitation handicap 





Fig. 22—Spot Weld in 0.125 to 0.125 Stainless Steel. Weld 


Time, 19 Cycles. Total 3-Phase Kva. Demand, 53 


Fig. 23—Spot Weld in */;. to */;s Mild Steel. Weld Time, 79 
Cycles. Total 3-Phase Kva. Demand, 87 








Fig. 24—Spot Weld in 0.040 to 0.040 24ST Alclad Aluminum 
Weld Time, 4 Cycles. Total 3-Phase Kva. Demand, 122 


It should be noted with considerable significance that 
a forging force finds many more applications on the dry 
disk rectifier machine than on the a.-c. machine, es 
pecially where any type of projection welding is done 
The characteristics of the dry disk rectifier machine, used 
with forging force, provide reduced initial forces and 
drastically reduce the 3-phase kva. demand below the re 
quired kva. demand when using single force. 

From the oscillographic recordings of the welding cur 
rent of the rectifier welder, it is seen that no zero current 
gaps-exist and that the weld current can be maintained 
continuously to the full limit of the weld timer. This is 
quite important for it has been found that during mul 
tiple impulse welding with d.-c. or with any wave requir 
ing a periodic cool time, a part of the succeeding impulse 
is utilized in regaining the weld temperature that was 
present in the weld at the end of the preceding impulse 
The part of the succeeding impulse required to supply 
the weld temperature lost during the cool period amounts 
to approximately 1'/, times the length of the cool period 
Therefore, to do a given welding operation in a given 
weld time under both conditions of continuous direct 
current and impulse, it is found that the d.-c. impulse 
current must be raised in amplitude and the kva. demand 
raised above that for the continuous d.-c. wave. This 
higher amplitude for the multiple-impulse direct current 
increases the probability of weld spitting on the first im 
pulse. To equalize initial spitting probability, it is neces 
sary to raise the electrode force on the impulse weld and 
this in turn aggravates the increased demand. 


Fig. 25—-Continuous Seam Weld in Two Pieces 0.091 61ST 
Aluminum; Two Pieces 0.064 61ST; Three Pieces 0.064 61ST 
Weld Speed, 36 In. per Minute 


Fig. 26—Continuous Seam Weld in Two Pieces 0.035 R301 
Aluminum. Weld Speed, 60 In. per Minute 
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Unlike stored energy equipment such as the electrostatic 
(capacitor), the electromagnetic and the electroch mica] 
(battery) types, energy into the weld will be changeq 
with the changes in line voltages. This is particularly 
true when a fluctuating line voltage on all three phases jg 
experienced. However, regulation created by single. 
phase welders will not effect 3-phase welders as much as 
single-phase welders will affect other single-phase weld. 
ers. : 

When welding times of less than 19 millisec. (1! 
cycles at 60 cps.) are required, the load will only com. 
mutate over two phases and will create an unbalanced 
3-phase load, but such a load is in no way detrimental to 
the welding current. 


Photomacrographs of Various Material Welded with 
Tri-Phase Equipment 


Figures 21 up to and including 27 are a number of 
photomacrographs of various materials with accompany- 
Fig. 27—Mash Line Projegtion Weld in Two Pieces 0.032 x ing data on weld time, phase kva. and total kva. 1 

21/16 Electrolytic Zinc Coated Steel. Note: The Complete 
Edge Weld in the Two Samples Tensile Tested. Weld Time, 
30 Cycles. Total 3-Phase Kva., 222. Tensile Test, 4050 Lb. 
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Training Welding Technicians on 
a College Level’ 


By Richard C. Wiley’ 

















here 

The author issues a challenge to industry to assist the college in men are all from the welding field appl 
laying out a better course of instructions which will meet the needs neers, supervisors, salesmen and others 7 

of industry. He outlines the various courses of training available allied industries and jobs. As | & Cali 

in the college. through this paper, I would Iike to ha 

you keep in mind these points. a 

CLOSE relationship must exist be- training is required where adequate pre- 1. Would a student with the trai toc 
tween industry and our educational training has been given. A wider use of we have given him - emma with 

' institutions if both proper training of the products results from increased knowledge - work ia your company? . fron 
individual and growth of the industry are of their application. For example, when 2. On what level could he be employ: hole 
to take place. In case you have not an agricultural engineering student learns 3. Is there anything lacking of spec 
thought of this before, any information the uses of welding it is doubtful if he will courses given which shoul ion 
that you may give to aid schools in formu- consider any other means of fabrication or included? hut 
lating programs will come to be of great repair. In addition, a college-level pro- To sum up the situation, if ind al 
benefit to your own company. Consider gram is healthful for the industry because tells us what it wants in the way of te a 
only a few of these: Less on-the-job it adds to the pool of trained men. nicians, we will do our best to sen ive 
iene Unfortunately, schools tend to lag dustry valuable men. elec 
= . : behind industry mainly because of their : sek 
Peed) x opocctey Wananee yoo sheltered nature. Also, there is far too Methods of Instruction apt 
MP weldine Dept., California State Polytechnic little cooperation in the matter of specific California State Polytechnic Col os 
College. need given from industry itself. You located at San Luis Obispo, is interest me 
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arrying out the responsibility of pro- 
viding its 2200 men students with an 
agricultural and mechanical arts type of 
lucation on a college level. This school 
is unique among colleges in that it uses a 
oject system of instruction which in- 
corporates the philosophies of ‘‘learning by 
doing’ and “earning while “learning.” 
Major emphasis is placed upon instruction 
rather than on research. California Poly 
chnic college operates on the system 
known among educators as the ‘upside 
down’ plan, which is characterized by 
the grouping of as many technical and 
job-getting courses in the first two years 
as possible and then continues on to award 
a Bachelor of Science degree. Thus, a 
student may, if necessary, terminate his 
lege work anywhere along the line 
and still be prepared to handle a job in 
igriculture or industry without loss to 
umself or to society. 

The teaching of welding is no exception 
to this general pattern and it fits itself 

idily into the total program of thecollege. 
By looking into the setup of this school 
there may be seen the versatility of the 
ipplication of welding to a considerable 
variety of college-level subject. 

The two main divisions of instruction at 
California Polytechnic College are in 
agriculture and industry. The agricul- 
‘ural division operates a completely 
tocked, 2000-acre ranch which is equipped 
vith the latest in farm machinery ranging 
‘rom corn pickers to mechanical post- 
hole diggers. The repair and some of the 
‘pecial fabrication of this equipment is 
‘one by welding wherever indicated. 
ur farm students are not learning to be 
aling wire mechanics. 

_ The industrial division is made up of 
ive main groups: mechanical engineering, 
electrical engineering, aeronautics, air 
onditioning and architecture. As an 
applied example of the “learning by doing”’ 
method of instruction in the industrial 
ranch, the electrical engineering depart- 
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fig. 1—75-Kva., Air-Operated, Electronic-Controlled Resistance Welder. Student 
Shown Operating the Machine 


ment installs, maintains and repairs all 
electrical equipment used on the campus 
Recently a 75-kva. air-operated, elec- 
tronic-controlled resistance welder was 
installed by electrical engineering stu 
dents for the welding shop. The me 
chanical engineering students operate a 
Diesel electric-power-generating plant 
which supplies part of the school’s elec 
trical energy requirements. Similar un 
dertakings are carried on by the other 
engineering departments to give students 
first-hand practical knowledge of what 
industry will expect of them on the job 
Welding serves both the agricultural 





and industrial divisions of the college as an 
important related subject. The main 
function of the welding department is to 
familiarize students with welding tech 
niques and uses and not to train welding 
operators. Fundamentals are presented 
during the first two years with the basi 
skills being gained by actual practice 
In short, every student who takes our 
courses learns how to weld. He is then 
taught the special applications to his own 
field. During the third and fourth year, 
advanced courses in welding design and 
engineering are given. The welding de 
partment, then, is in a position in which 
it must give instruction on every level and 
in the majority of the welding processes. 


Facilities for Teaching Welding 


In order to carry out such a program it 
is mecessary to have a_ well-equipped 
shop and attendant facilities The main 
shop building is 40 x 100 ft. with a welding 
engineering laboratory, an office, an 
experimental testing laboratory and a 
shop area. Connected buildings are o 
cupied by toolroom, stockroom and locker- 
room. Two acetylene generators of a 
combined 450-lb. carbide capacity are 
housed in a separate building. The 
icetylene is piped to the welding stations 
from there. The oxygen manifold system 
and oxygen storage are located in an 
elevated warehouse for ease in loading 
and unloading cylinders. 

The main instruction shop is equipped 
with thirty oxyacetylene welding stations 
having both the light aircraft-type and 
the heavy-duty, all-purpose welding 
torches. Individual regulators for pres- 
sure adjustment accommodate each 
station. In the arc-welding section there 
are 14 stations separated from the rest 
of the shop bya flash screen. The welding 
generators and transformers are banked 
at each end of the booth section for 





Fig. 2—2500-Lb. Capacity Welding Positioner in Use. Work Mounted on the Posi- 
tioner Is the Arch Section of a 150-Ton Press Being Altered to Suit Shop Requirements 
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optimum space-saving purpose 
onstrating area is also provided. Ade 
quate ventilation is achieved by means 
of individual flexible tube fume collectors 
which are connected to the main header 
and a 5000-cfm. blower which exhausts 


the fumes outside. This entire exhaust 
system was designed, built and installed 
by students of the welding department. 

Special equipment in the shop includes 
an atomic-hydrogen arc welding machine, 
a 75-kva., air-operated, electronic-con- 
trolled resistance welder (Fig. 1), a 1200- 
and a 2500-lb. capacity, variable-speed 
welding positioners (Fig. 2), a 300-amp, 
gasoline-driven portable arc welder, a 
150-ton hydraulic press for physical 
testing and hot and cold forming, an 
inert-gas-shielded arc welder using both 
d.-c. and a.-c. high-frequency current, 
and an automatic submerged melt arc- 
welding head. Other ordinary shop 
equipment includes grinders, hand-oper- 
ated shears, flame-cutting equipment, air 
hammers, a power hacksaw and miscel- 
laneous hand tools. 


The welding engineering laboratory 
(Fig. 3) is equipped with several large 
drafting tables, a number of drafting 


machines, a Spencer metallurgical micro 
scope, a specimen-mounting press and 
polishing wheels, an electric furnace, a 
Rockwell hardness testing machine, a 
contact pyrometer and other ordinary 
laboratory apparatus and supplies. 

These shop and laboratory facilities 
enable the welding department to give 
instruction designed to fit the particular 
needs of agricultural and industrial majors. 


The Training Program 


In a two-year program for agriculture 
engineering students, 3 hr. per week are 
spent during the first two quarters of 
their welding course on the fundamentals 
of oxyacetylene welding. Their activities 
are concerned mainly with work on light 
materials from 12- to 20-gage sheet. 
Brazing is also included at this time. 
The third, fourth and fifth quarters are 
devoted to arc welding with particular 
emphasis on the smaller farm-type a.-c. 
transformer welders and a.-c. machines. 
The types and uses of various electrodes, 
such as nickel electrodes for the welding 
of cast iron, are carefully considered. 
Problems of expansion and contraction 
are also observed. Improvement in weld- 
ing technique is continually stressed. The 
sixth quarter consists of work in the weld- 
ing engineering laboratory dealing with 
cost estimating and simple design prob- 
lems. Stock and tractor trailers, self- 
built portable arc-welding rigs, and other 
projects of farm machinery are carried on 
to apply both practice and theory com- 
bined into a useful implement. 

As more and more farms have electric 
power available under rural electrification 
programs, the use of the arc-welding 
transformer is increased. Particular con- 
cern is paid to this recent development 
because of the value of welding to farmers. 
During harvest period, for example, the 
speedy repair of a breakdown in equip- 
ment can mean the difference between 
failure and success. Portability of the a.-c. 
welder, although limited, is another 
desirable feature gained with the installa- 
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Fig. 3—A General View of Part of the Welding Lab Drafting Room. These Men Are ith pro 
at Work on Various Design Problems of Piping and Plate Fabrication f simp! 
tandard 
A . 4 o the u 
» tion of plug outlets in the farm shop and and refrigeration take a two-year program MM. the J 


also in pump houses located around the 
ranch or farm. 


in oxyacetylene welding. The first yea; 
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The aeronautic students complete a sheet and tubing. One of the project ee 
two-year oxyacetylene welding course of the first year is the layout and fabri vost esti 
made up of work in light alloy steel tubular tion of a four-piece turn in 2-in. pipe Hk be f 
construction as found in aircraft fuselage which is pressure tested to 175 psi. up 4 P L-d 
The first three quarters consist mainly of completion. It is a minimum require BBproject 





fundamentals and practice on light sheet 
Since aircraft repair work requires high 


ment of the course that the project with- H;,. tect 
stand such pressure. During the fourt! 
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quality welding, the importance of good fifth and sixth quarters more compk Pee 
technique is carefully developed in the pipe joints are laid out and fabricated HJ spird y 
students from the start. The fourth, including *Y’s, reducers, orang: process 
fifth and sixth quarters deal with ad- heads and branch connections in various § petal 
vanced aircraft welding including work size pipe. These projects are tested § the: 
with alloy steel tubing, aluminum and 2000 psi. Again as a minimum require. Bi the sty 
stainless steel. Problems in resistance ment the projects must withstand tl use Of 
welding are also considered. Because applied pressure. Silver brazing veldin 
aircraft mechanics are required to pass bronze welding are also included nd tt 
the CAA examination before becoming study of pressure piping codes and oth resista 
licensed, practice in the CAA approved welding codes are likewise considered cts b 
joints and splices form most of the work Although it might appear on the surfa proces 
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Fig. 4—An Over-all View of the Completed Backstop with Wire Hung in F 108. 
Center Section Is 25 Ft. High, the Wing Sections Are 15 Ft. High. Veteran Stucen 
Housing Units in Background 
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we enroll a number of men 
‘eld. The ability to build 
of frames, temporary switch- 
mountings is invaluable to 
trical technicians. Other miscella- 
ous groups also take a general welding 
orse. Why animal husbandry or orna- 
tal horticulture majors would want 
take welding is sometimes hard to 
However, the building of gates and 
ull pens from steel tubing and frames, 
vecial tools and racks from angle for use 
ound a nursery are examples of applica 
son of these seemingly unrelated fields 
The mechanical engineering majors are 
he students who will be most likely to 
from our department into the welding 
industry. In the first three quarters they 
ow a fundamental are-welding course 
imilar to that discussed under the agricul 
ral section. During the fourth, fifth 
nd sixth quarters work is carried on in the 
lding engineering laboratory dealing 
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en Are ith problems in cost estimating, design 
of simple weldments, utilization of the 
tandard welding symbols, introduction 
o the use of various welding codes such 
Program MM. the A.P.I.-A.S.M.E. Code for Unfired 
‘rst year Mipressure Vessels and the fundamentals of 
on 


light Moint design. A project at this point is 


Projects Mihe design, complete specifications and 
| fabrica- Most estimate of an unfired pressure vessel 
in. pipe Hiito be fabricated in accordance with the 
Sl. upon HA PT-ASM.E. Code. This type of 
Fequire- Mf oroject serves to give the embryonic weld- 
ect with ing technician a realization of the existance 
© fourth, Hand importance of welding codes. 

comple: Courses have been set up covering the 
bricated Hil third year to deal with specialized welding 
BE pet! Morocesses and also to give fundamental 
Various 7 metallurgical information. The content 
ested to of these courses includes assignments in 
require: @ the study of the theory and in the actual 
and the Huse of automatic submerged melt arc 
ng an welding, also inert gas shielded arc welding 
ded. A BB and the design of products for the use of 
id other Hi resistance welding. Fabrication of proj- 
red i ects best suited to the use of these special 
* Surlace Hl processes are completed at this time 
ss have Mf As an example, test plates from the sub- 
eage oi 


merged melt machine are made and 
tested mechanically. Specimens are also 
mounted and observed under the micro- 
scope to check physical properties of the 
weld metal and the base metal in this and 
inall other projects undertaken. 

The program for the fourth-year me- 
chanical engineering students consists of 
machine design strictly from the welding 
viewpoint. The application of flanging 
and pressing to weldments is studied and 
also carried on in a reduced scale. Fur- 
ther studies of composite weldments 
using steel castings, plates and shapes are 
investigated. A review and expansion of 
the major points of each quarter’s work 
is carried on to round out the student’s 
course. A final project of the student’s 
choice which will incorporate theory with 
practice and relate welding to his major 
field is made at this time. 

In order to receive his Bachelor of 





1ace 








Science degree, the student must also 
write a thesis. Welding holds its share of 
interesting problems to be _ explored. 
For example, a recent paper submitted to 
the department for approval was entitled 
“Electrical Welding in Aircraft.’’ This 
paper dealt with the application of inert- 
gas shielded arc welding, resistance weld- 
ing, metallic arc welding and atomic- 
hydrogen arc welding. 

The use of field trips for all majors in 
order to bring them into close contact 
with industrial plants is used. This is an 
additional means of familiarizing students 
with the activities of industry. Trips 
through steel mills, foundries, steel 
fabrication plants and others do much to 
illustrate the route from the drafting 
board to the finished product. The use of 
industrial films also adds to the student’s 
information in the various welding proc- 
esses and related subjects. Attendance 
at technical meetings such as those which 
the A.W.S. presents are stimulating and 
thought-provoking to young men training 
to enter the welding filed. Participation 
in these activities should be encouraged 
by all concerned. 


Practical Experience 


To give the student first-hand experience 
it is necessary to undertake a variety of 
fabrication and repair projects. In this 
manner all of the experience from cost 
estimating to job supervising and actual 
welding practice are gained. An example 
of a project recently completed was that of 
a baseball backstop built up from 4- and 
i-in. pipe (Fig. 4). An advanced welding 
student was assigned as project engineer 
to make cost estimate, oversee the sub 
assemblies and supervise the final as 
sembly on the baseball field. Under the 
direction of the project engineer, six 
students carried out the welding and 
rigging necessary for the job. A special 
engineering project now under way is 
that of installing a submerged melt arc 
welding head. Plans call for the head to 
operate in two ways: one where the work 
piece is mounted on a positioner and the 
head remains fixed; the other, where the 
head moves on its carriage and the work 
remains in a fixed position. 

Of course, it must be understood that 
the welding section relies upon many 
other departments to provide the bulk of 
the student’s instruction. For advanced 
welding work it is necessary to set up 
prerequisites in order that students gain a 
maximum of necessary information prior 
to enrolling in these courses. Drafting 
is essential because after the first year 
most of the work produced is in the form 
of the design of weldments. In the me- 
chanical engineering course, Strength of 
Materials, is required because without it 
no student could successfully undertake or 
understand the fundamentals of design 
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problems. Courses in college 
matics are also required. 

Under the heading of “‘Special Prob 
lems”’ are given courses for those students 
who’ wish to go further into the various 
aspects of welding than they are permitted 
in the regularly scheduled program. Stu 
dents are on their own to design a project 
with complete specifications and 
estimates. The job can then be made up 
if time and space in the shop permit 
In this way the student at least has a 
complete set of plans and specifications 
with which to start his engineering career 
An example of a project in the Special 
Problems course by an agricultural engi- 
neering major was the design and fabrica 
tion of a special type of hay baling trailer 
to be used in the area. Ranchers nearby 
rely on the use of the pick-up baler ex 
tensively. Much labor is involved in 
loading the scattered bales from the hill 
fields after the baler has 
This particular trailer was designed to 
follow the hay baler and receive about 
fifteen bales before dumping at convenient 
loading spots. It can be readily seen 
that by using this device the rancher’s 
efficiency could be greatly increased. 
It is this sort of problem-solving on the 
job that we like to encourage and develop 
in our students. 

If schools are to do a good job of training 
for industry they must by all means keep 
up with the developments and practices 
in industry. A training program nmust be 
realistic to be effective. The future plans 
of this welding department call for new 
equipment and course expansion. New 
equipment to be purchased will include 
an automatic shape cutting machine to 
demonstrate the principles of mass pro 
duction shape cutting with two or more 
torches. In our experimental and testing 
laboratory, plans call for the installation 
of a controlled temperature annealing 
furnace to demonstrate the principles of 
preheating and annealing in direct rela- 
tion to weldments. Additional chemical 
and physical testing equipment is also 
planned for the near future. For ex 
ample, the apparatus for the direct 
combustion method of determining the 
carbon content of steel is to be set up in 
the test laboratory. In many cases the 
difficulty encountered in poor welds is 
traceable to the high carbon content in 
the base metal rather than in a fault of the 
welding process. Expansion of courses 
will match new developments in the field 
as they arise. Our textbook might well be 
the current WELDING JOURNAL for this. 

It is the goal of California State Poly- 
technic College to présent welding as a 
related college engineering course geared to 
industry. With an adequately equipped 
shop, an inclusive course of instruc 
tion, and a practical project system, a 
college can present a well-rounded pro- 
gram which will enable its students to 
enter industry with an up-to-date knowl- 
edge of the application of welding. 
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Repair of Welded Ships 


By L. F. Bledsoe’ 


Due to the atmosphere of urgency and condi- 
tions of adversity which are usually present, 
there is a tendency to neglect or disregard the 
problems encountered in the structural repair 
of welded ships. This attitude, fostered by a 
lack of recognition of the potential dangers 
involved, often leads to structural failure in the 
repair area. 

The fundamental aim of all ship repair is to do 
whatever work may be necessary to enable the 
vessel to fulfill its design functions and to per- 
form this work in such a manner that it does not 
result in structural failures, either during the 
repair operations or subsequently during the 
service life of the vessel. 

- Experience has proved that proper considera- 
tion of design, sequence, procedure, workman- 
ship, inspection and postweld treatment can 
result in workable practices which, if properly 
carried out, will reduce considerably the prob- 

ability of fracture. 


N RECENT years, spurred on by the many structural 
failures of welded ships, much thought, research and 
publicity have been devoted to the engineering prob- 

lems involved in the construction of such vessels. 
tion has been focussed on the welding engineering factors 
of design, sequence, procedure and workmanship and it 
has been concluded by authoritative bodies that each 
plays an important part in the completion, without struc- 
tural failure, of a welded vessel.! Moreover, it has been 
concluded that poor design and faulty workmanship con- 
stitute liabilities throughout the life of the vessel.’ In 
spite of all the effort that has been aimed at the elimina- 
tion of structural failures, welded ship construction is still 
fraught with uncertainty, and many important questions 
remain to be answered. . 

The repair of welded ships is also of an uncertain 
nature. It contains all the clouded issues and unknown 
factors which are present in new construction along with 
a few others, peculiar to repair, which lend an added 
emphasis to the uncertainty of the operation. There is 
ample evidence, in the form of a greatly increased frac- 
ture frequency rate during repair, to lead to the conclu- 
sion that repair is more critical than new construction. 
The problem of preventing structural failures, which is of 
such grave concern to the shipbuilding industry, is no 
less important, but more difficult of solution during the 
structural repair of welded ships. 


* Paper to be presented at Twenty-Ninth Annual Meeting, A.W.S., Phila 
delphia, Pa., Oct. 25-29, 1948. 
t Newport News Shipbuilding and Dry Dock Co., Newport News, Va 


Atten- 


It is the purpose of this paper to discuss the ditficy)t; 
encountered in welded ship repair and to present certajj 
practices which have been adopted in an effort to eljn; 
nate structural failures resulting from repair work 

Two conditions underlie most of the difficulties encoyy 
tered in ship repair: First, the atmosphere of urgeng 
which generally pervades the job and, second, the jy 
herent nature of repair which necessitates burning ay 
welding on an already completed hull girder. The firs 
condition, fostered by the owner’s desire to get his vessel 
back into service as quickly as possible, results in insuffi. 
cient planning, congested work areas, improper prepar: 
tion before welding, poor supervision and cursory inspec 
tion. Needless to say, faulty workmanship is an inevit 
able result. Fortunately, these factors are recognized 
and can be anticipated. The quality of the resulting 
welds will be varied, within limits, in direct proportioy 
to the efforts expended by the personnel involved 
Such is not the case with the second condition. 

Although volumes of data have been complied con 
cerning the residual and reaction stresses resulting from 
welding under certain conditions, it is still impossible t 
predict, quantitatively the effects of welding on any 
structure as large and complex as a completed ship. The 
forces which evidence themselves in the form of distortion 
in less complex and more flexible structures, and even in 
ships under construction, usually do not become aj 
parent during repair work until fracture occurs. 

The welding engineer is confronted with the problem 
of devising ways and means of preventing fracture al 
though the mechanics of fracture are not fully under 
stood, and there is nothing except experience to dictat: 
the extremes to which the preventive measures should bx 
carried. Nevertheless, collision, grounding, storm and 
the necessity for alteration or conversion take no heed 
ignorance, and, until such time as welding is a more exac' 
science, it is necessary to proceed cautiously, utilizing 
whatever means are at hand to accomplish repair without 
structural failure. 

Experience over a period of years has resulted in 
development of certain practices which contribute ma 
terially toward successful ship repair. Such practices 
are designed primarily to achieve sound welds and tole 
able stress conditions and usually take the form of refine 
ments of design, welding procedure and welding sequence 
There are other means, not yet fully appreciated, which 
point the way to practices which may be adopted in th 
future. These current practices and possible future prac 
tices are presented here for what they may be wort! | 
yards engaged in ship repair work. 


the 


Design 


Although many features are being incorporated in th 


design of new vessels for the purpose of avoiding stress 
concentrations, “‘hard-spots,’’ abrupt changes in section, 
excessive amounts of welding and too great proximity ° 


welds, unfortunately these features are very apt to » 
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Fig. 1—Structural Failure Caused by Welding 


erlooked in repair work. Then, too, there is a tend- 
cy to design welded alterations or additions without 
e regard to the stresses created by extensive welding 
structural components which are already wholly 
ttached to surrounding structure and are not free to 
ove. By way of illustration of the above, Fig. | shows 
specifle instance on a T-2 tanker in which the welding 
ttendant to the addition of stiffeners and patch plates 
lo the upper center-line girder and the extension of the 
irder to create a center-line bulkhead resulted in com- 
ete fracture of the girder and partial fracture of the 
feck and new bulkhead plating. 

Good practice dictates that attachment welds to exist- 
yg structure be kept to an absolute minimum. Con- 
inuous welds should be avoided wherever possible. 
When it is necessary to make extensive structural addi- 
ions, provisions should be made for releasing the mem- 
bers to be welded from the surrounding structure during 
welding operations. If this procedure is impossible or 
mpractical, which is so frequently the case, riveting 
should be adopted as the method of attachment. Rivet- 
ng is a valuable adjunct to welding and should not be 
werlooked as a possible solution to difficult design prob- 
ems. 

The frequency with which fracture occurs during the 
losing of openings by means of welded patch plates has 
led to the adoption of two design features which tend to 
alleviate the dangerously high stress condition attendant 
to the welding of such locked-up joints. Figure 2 illus- 
trates these two devices. Item (A) depicts the use of a 
“dished” plate commonly employed as a flush patch in 
circular openings. The “dish,” introduced into the patch 
plate before welding, affords sufficient flexibility in most 
cases to prevent fracture as a result of the welding opera- 
tions. A */i-in. dish is usually enough to achieve this 
and most of this is removed during the welding opera- 
tion. Dishing is not considered necessary in patch 
plates over 15 in. in diameter. On the other hand, it is 
quite difficult to achieve in plates less than 6 in. in diam- 
eter, and for this reason it is not recommended that very 
small flush patches be employed. If it is necessary to use 
such small flush patches, a single V joint with a back-up 
nng should be utilized. It would be more desirable to 
enlarge the hole or to use a lap patch. 

[tem (B) depicts one corner of a rectangular flush patch 
the boundaries of which do not fall in way of original 
butts and seams. The rounded corner, having a mini- 
mum radius of 4 in., serves to eliminate the sharp inter- 
ction of highly stressed welds and is very beneficial in 
the prevention of fractures emanating from the corners of 
the patch. 

Patch plates whose boundaries fall in way of original 
butts and seams are treated somewhat differently and 


will be discussed under the heading of “Welding Se- 
quence ”’ 


lied con. 
‘ing from 
ossible to 
; ON any 
ip. The 
listortion 
1 even in 
ome ap- 


problem 
cture al- 
y under 
» dictate 
hould be 
rm and 
) heed 0 
re exact 
utilizing 
without 


d in the 
ute ma 
yractices 
id toler 
f refine 
quence 
|, which 
d in the 
re prac 
vorth te 


| in the 
y stress 
section, 
mity of 
+ to be 


1948 


REPAIR OF WELDED SHIPS 


Welding Procedure 


The welding procedure generally employed in repair 
work differs little from normal ship welding procedures. 
Every effort is made to achieve sound welds, the joints 
being designed to facilitate the welding and chipping 
operations. A bead-on-bead sequence, in which the first 
bead is quickly followed by the next succeeding bead, is 
usually employed in the root, followed by stringer beads 
to complete the joint. The block system is not favored 
because of the necessity of chipping the ends of the 
blocks. Welds made from both sides are back-chipped to 
sound metal before welding the second side, and peening 
is employed in locked-up joints for all except the first and 
last beads. Preheat is used very generously and is be- 
lieved to be the most important single feature of any pro 
cedure, particularly during the winter months. 

The benefits of preheat, which have long been recog 
nized in welded construction, are listed here for the pur 
pose of discussion: First, it improves the are action of 
the welding operation, affording the welder easy manipu- 
lation, which deposits a more smooth and sound first 
bead, as compared with welding on a cold plate. Second, 
it prevents the too severe cooling of the first welding 
beads, thereby avoiding the crack down the center of the 
bead which sometimes occurs when shrinkage stresses of 
too high an order are allowed to work on so small an 
amount of deposited weld metal. Third, the slower 
cooling rate afforded by the preheat is of decided metal- 
lurgical value in improving the ductility of the weld metal 
and the base material in the heat-affected zone. Fourth, 
it retains the tough and ductile condition of the steel 
throughout the cooling cycle by keeping its temperature 
above the transition point. Fifth, continuous applica- 
tion of preheat throughout the welding operations allows 
work stoppage to occur without subsequent cooling and 
stressing of an incompleted joint. To be most effective, 
preheat should be maintained throughout the cooling 
cycle in order to allow sufficient time for plastic deforma- 
tion and ‘‘absorption of stress.”’ 

It will be noted that some of the benefits depend on the 
continuous application of the preheat. For this reason 
electric strip heaters, which furnish an even and easily 
controlled heat, are much preferred to the use of torches. 
These “‘heater-bars,’’ usually of 750 or 1000 watt capac- 
ity, and operating on 220 v., a. c. or d. c., are capable of 
producing and maintaining plate temperatures of up to 
150° F. under quite rigorous climatic conditions. 

For ease of application the bare strip heaters are en 


# /4N. ? 








& AX 
OZER RECTANGULAR 
SECTION AA (6) 
(A) 


Fig. 2——Patch Plates 


691 

















closed in a simple sheet metal case with appropriate elec 
trical insulation for safety purposes and with glass wool 
insulation to serve the dual purpose of preventing heat 
loss through the case and directing the heat into the struc- 
ture to which it is attached. Figure 3 shows the various 
components of a unit. The sheet metal cases may be 
easily attached to the structure to be heated by the use of 
metal clips which are tack-welded to the structure and 
extend over the flange of the case or by tack-welding the 
metal case directly to the structure. Usually these bars 
are connected in groups of two or three and wired to a 
common receptacle plug in order to simplify the required 
electrical connections and to reduce the number of elec- 
trical outlets necessary. Portable receptacle boxes are 
located in the immediate work area to eliminate the 
necessity for long extensions. 

The accepted practice in applying these strip heaters is 
to parallel the joint to be welded with two lines of the 
units placed end to end, and about 6 in. to each side of the 
joint. Figure 4 shows these bars in use on a typical shell 
repair. These strip heaters, contrary to general opinion, 
interfere very little with normal production procedures 
and are surprisingly easy to apply to the average job. The 
insignificant added difficulties attendant to their use are 
far overshadowed by the benefits derived. 


9 i: 





Fig. 3~-Components of an Electrical Strip Heater Unit 


Welding Sequence 


Unfortunately, due to production difficulties, it is not 
always possible to adhere closely to the established prin- 
ciples of sequence. Too frequently the urgency of 
schedules does not allow a desirable disposition of repair 
personnel on the vessel and requires welding to proceed 
simultaneously in several locations within the same re- 
pair area. These conditions preclude any great amount 
of control over the general direction of progress of the 
welding operations and results in the occurrence of clos- 
ing joints at undesirable locations. They also result in 
an increased number of locked-up joints, too many of 
which are always present in repair work even under the 
best conditions. 

In view of the above conditions and in the absence of 
drastic remedial changes in over-all repair procedures, 
which would be very difficult to affect, it becomes neces- 
sary to adopt a sequence which will most nearly satisfy 
the requirements of production, and, at the same time, 
fulfill its primary purpose of minimizing reaction stresses. 
Time does not usually permit the production of a care 
fully prepared sequence, tailor-made to the needs of every 
individual job. Therefore, it is necessary for the super 
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Fig. 4—Electrical Strip Heaters in Place on a Typical Shel! 
Repair 


visory personnel to formulate and carry out the require 
sequence for each job. For this reason, any basic 
quence must be simple and flexible in order to facilitat, 


its repetitive application to the variety of conditions 


encountered. 
Figure 5 depicts a typical welding sequence for th 


renewal of a single plate in any expanse of wel led plating 


such as shell, deck or bulkhead. Crosses, x, indicat 


termination points for increments of fore-and-aft welding 


Small circles, , indicate termination points for th 


increments of athwartship welding. Note that th 
sequence numbers are so arranged that longitudinal sea: 
welds are stopped short of transverse butts and are 1 
continued across the butts until after the butts hay 
been welded. Note, also, that attachment welds conne 
ing the framing or stiffening members (bulkheads, wi 
frames, longitudinals, etc.) to the plating are stopp: 
short of unwelded butts and seams and are not carri¢ 
across such joints until after they have been welded 
Although the plate is not entirely free to move at 


time during the welding operations, because of fitter 


tacks, sufficient elastic and plastic flexibility is afford 
during the welding of the butts and seams by leaving th 
plating unattached from the framing members 
approximately 12 in. each side of the joint. This 
accomplished by cutting back the attachment weld 


1 


around the perifery of the opening and by stopping shor 


the attachment welds on the patch plate. A slight 
amount of added flexibility is obtained by splitting bac 


the old seam welds for about 12 in. at all four corners « 


the opening. Most of the attachment welding to th 
patch plate is done before the welding of the final butt 


and seam in order to reduce the ‘“‘drum-heading’ wh 
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Fig. 5—-Typical Welding Sequence for Renewal of Single Plate 
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inciples of the above sequence can be applied 
ly to any number of adjoining plates or plating 
blies to cover any area. The established prac- 
ce of progressing forward and aft from amidship and 
wtward from the center-line of the vessel is followed 
sherever pt yssible. ; 

In welding structure other than plating, the sequence 
ollows the established principles of progressing away 
rom parts of the structure which are already fixed in 
sition toward parts which are more free to move and 
ompleting as much welding as possible on each unit be 
ore tying it to the fixed structure. 


basse! 


Inspection 


An examination of almost any ship failure will disclose 
he presence of a mechanical notch at the origin of the 
facture! Too often this notch is a defect in the de 
ysited weld metal. In all fairness to the welders, it 
should be stated that it is not believed to be within their 
sower to exclude all of these defects, particularly under 
the conditions prevailing during most ship repair jobs. 
Regardless of the cause of the defects, however, they are 
recognized as being very important contributing factors 
in the structural failure of welded ships' and therefore, 
should be eliminated if possible. Inspection offers the 
only positive means of accomplishing this result. 

Except for the occasional use of Magnaflux and, in 
very rare instances, the use of radiography, inspection is 
confined to visual examinations at various stages of com- 
pletion of the welding operations. It is evident from 
the inspection of radiographs of completed welds and the 
examination of ship fractures that visual inspection is not 
sufficient. Radiography offers the most obvious means 
by which the quality of ship welds may be improved. 

X-ray units which are comparatively rugged, compact, 
easily adapted to portability and simple to operate are 
now standard tools of industry. A few such units are 
now in use in Shipyards on certain new construction jobs 
for the Navy and are proving their worth in achieving 
sound welds. It is regrettable that the shipbuilding and 
repair industry has not seen fit to avail itself of the full 
benefits of this tool. 


Controlled Low-Temperature Stress Relief 


Controlled low-temperature stress relief? has been 
ipplied to many T-2 type tankers in very recent years as 
1 precautionary measure against ship fracture. This 
treatment is applied to all welded butts and seams in 
the shell and deck within the tank area with the excep 
tions of the vertical butts in the side shell and the 
stringer-shear connections and is usually performed in 
‘onjunction with the application of eight crack arresting, 
riveted longitudinal seam straps. Any subsequent re- 
bairs within the stress-relieved portions of these vessels 
ire also given the same treatment. 

_It is the aim of this process to effectively reduce the 
ugh order stresses within the zone of the weld and 
thereby slacken the taut tension bends along the welded 
joints, allowing more of the surrounding structure to 
‘ccept a share of applied service loads. There are still 
two schools of thought as to the efficacy of the process in 
ichieving a safer vessel, and the basic question as to 
whether or not the process has merit has not been 
‘nswered to the satisfaction of all concerned. However, 
itts hoped that the answer will be obtained in the not-to- 
distant future through research or through compiled 
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REPAIR OF WELDED SHIPS 








Fig. 6—Application of Controlled Low-Temperature Stress 
Relief to the Deck of a Tanker 


data on the fleets of tankers which have been treated 
within the last few years. Until such time as conclusive 
evidence is forthcoming, it will be well to view this treat 
ment with an open mind. 

It is possible that this convenient and cheaply applied 
process may offer to the Shipbuilding and Repair Indus 
tries a means of substantially lowering the fracture fre 
quence rate of welded ships through the treatment of a 
stress condition which is, as yet, impossible to avoid 
Figure 6 shows the application of this process to the deck 
of a T-2 type tanker. 


Conclusion 


It is interesting, and very gratifying, to note that, in 
spite of the difficulties sometimes experienced during the 
repair of welded ships, no instance is known in which 
failure has occurred as a result of the repair after the 
vessel was returned to service. It is not known whether 
this may be attributed to the goodness of the repairs or 
the Author’s lack of authentic and comprehensive infor 
mation. 

However, there is no lack of evidence concerning the 
effectiveness of the repair methods, as discussed above, in 
preventing fractures during repair operations. This has 
been vividly illustrated on several occasions when, 
through oversight or negligence, some cardinal precau 
tion was omitted. 

Summed up briefly, these precautions consist of: (1 
Proper consideration, during the design of alterations and 
repairs, for the effect of welding on the structural parts 
which are already fixed in position; (2) the use of dished 
plates for closing circular openings, and rounded corners 
on small rectangular patches; (3) the generous and con 
tinued application of preheat throughout the welding 
operations; (4) an adequate welding sequence; (5) cut 
ting back attachment welds and splitting old seams in 
way of locked-up joints and (6) an adequate inspection 
setup. 

It is believed that radiography will play a role ol 
increasing importafice in shipbuilding and repair in the 
future, and that controlled low-temperature stress relief! 
may prove to be effective in combating the structural 
failure of welded ships 
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The writer does not presume that the methods de- 
scribed in this paper are the only means, or even the best 
means, at the disposal of ship repair yards for combating 
ship fractures during repair operations. It is possible, 
and very probable, that other practices are being utilized 
by other organizations to accomplish the same results. 
It is believed that greater dissemination of such infor- 
mation would be of invaluable assistance to the Industry. 

Any opinions expressed in this paper are those of the 
writer and are not to be construed as expressions of Com- 
pany policy. 
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Spot-Welding Schedules for Nickel and 
Nickel Alloys 


By Frank G. Harkins’ 


The report discusses the development of spot- 
welding schedules for nickel and nickel alloys. 
Experiments in welding nickel and nickel 
alloys of 0.005 in. thickness are described. Par- 
ticular attention is given material preparation 
and chemical cleaning procedures. Schedules 
for welding dissimilar metal thicknesses such as 
0.005 to 0.040 in. are developed. Various 
methods of achieving “‘heat balance’”’ to insure 
proper nugget location are pointed out. The 
importance of electrode size and composition, 
pressure time, current, and mechanical con- 
siderations are investigated. Tentative sched- 
ules for adoption by the Resistance Welding 
Committee are submitted. 


Introduction 


N ORDER to increase the general fund of knowledge 

of resistance welding processes and applications, 

Subcommittee V of the Resistance Welding Com- 
mittee, has investigated the spot welding of dissimilar 
thicknesses of nickel and nickel alloys. The Commit- 
tee’s report for 1947 covered the welding of these ma- 
terials in extremely thin gages. This information is 
cataloged in Solar Aircraft Co. Research Division Report 
No. 691. Copies of this report have been filed with the 
AMERICAN WELDING SOCIETY. 

The current year’s program covered the development 
of spot-welding schedules for nickel, Monel and Inconel 
in thicknesses of 0.125, 0.094, 0.063, 0.031, 0.021, 0.015, 
0.010 and 0.005 in all combinations. The work was per- 
formed by the author. A. L. Bennett, Research Tech- 
nician and H. L. Winter, Production Resistance Welding 
Supervisor, acted as observers and have attested to the 
acturacy of the data which is to be presented. 


Conclusions 


The conclusions which may be drawn from the experi- 
mental work are: 

|. The major problem in spot welding dissimilar 
thicknesses of these alloys appears to be the attainment 


of proper nugget location. This phenomenon is more 
pronounced in Inconel than in nickel and Monel. 

2. By varying electrode size and composition, vastly 
different thicknesses of material such as 0.005-0.125 
in. may successfully be spot welded. 


* Scheduled for Twenty-Ninth Annual Meeting, A.W.S., Philadelphia, Pa 
48 


Oct. 25-29, 19 


Solar Aircraft Co.. San Diego 12, Calif 


) 


4. The use of the “twist test’’ provides an excellent 
shop criterion for adequate weld penetration in the 
thinner material. 

4. Minimum weld spacing data as listed in ‘‘Recom- 
mended Practices for Resistance Welding’’ appear to 
be on the low side. Wider weld spacing is indicated. 

5. Monel and nickel are less susceptible to ‘‘poor 
heat balance’ than are Inconel and stainless steel. If 
the ratio of sheet thickness in Inconel is greater than 2 
to 1, corrective measures must be taken to insure proper 
nugget location. In nickel or Monel, if the ratio is 
greater than 3 to 1, corrective measures must be taken. 

6. The macro etch test is recommended as a pro 
duction control procedure when welding these thin 
alloys, since ‘‘stick’’ welds of remarkably high strength 
are readily obtainable. The use of the macro etch test 
will disclose this undesirable condition. 


Material 


The material which was used in establishing the 
schedules was furnished by the International Nickel 
Co. Typical chemical analysis of these materials were 
as shown in Table 1. Typical mechanical properties 
were as shown in Table 2. 


Equipment 


Tests were performed on 100-kva. and 150-kva., 400- 
v., 60-cycle welding machines. Fully synchronous con- 
trol equipment with N.E.M.A. 9-B sequence panels 
were employed. Operation of the equipment 
thoroughly checked before testing was begun. 
work on the welding machines included: 

1. Investigation of the wave form and phase shift 
apparatus by means of a Laboratory Model Cathode- 
Ray Oscilloscope. Function and accuracy of the timing 
circuits were checked by means of a cycle-recording 
device. The heat control dial of the machine was cali- 
brated directly into amperes so that the desired current 


was 
Service 


Table |* 


Nickel Monel Inconel 
Heat No. 765-A M-2356 NX-5385 
Carbon 0.06 0.12 0.09 
Manganese 24 0.89 0.23 


Iron O8 1.69 7.33 
Sulphur 005 0.005 0.007 
Silicon .05 0.18 0.14 
Copper .03 30.72 0.12 
Nickel 99. 51 66 . 37 77.49 
Chromium “ 14.59 


* Data furnished by the International Nickel Co 



























Table 2* 


Tensile 0.2% Yield oy// Averagi 
Specimen, Breaking Strength, Strength, Elongation Hardnes 
Thickness, In. Load, Lb Psi. Psi. per 2 In VHN;, — 
Monel 
0.002 53 52,600 22,400 7.8 62. 4+ 
0.002 52 52,000 22,300 9.3 ; 
0.005 164 65,300 22,400 19.1 83.4 
0.005 158 63,200 21,600 18.8 
0.010 370 73,700 27,200 15.3 11] 
0.010 375 73,400 27,300 12.2 
0.015 520 69,050 25,800 42.2 112 
0.015 536 70,600 23,500 41.4 
Nickel 
0.002 41.5 39,300 11,400 6.3 38. ( 
0.002 410.5 38,500 11,200 9.3 
0.005 125 49,900 11,600 18.3 57.2 
0.005 123 $9,200 12,400 19.5 
0.010 267 53,100 10,800 18.0 71 
0.010 268 53,400 11,900 20.3 
0.015 407 54,700 12,200 31.1 91 
0.015 411 55,500 12,600 35 4 
Inconel 
0.002 81.8 81,200 38,700 13.3 89.5 
0.002 80.3 80,100 38,900 12.5 
0.005 273 109,000 40,300 27.2 143 
0.005 279 2 111,000 40,900 28.2 
0.010 575 114,100 51,500 30.5 166 
0.010 563 108,200 50,000 32.0 
0.015 715 94,100 38,600 35.9 152 
0.015 750 98,600 35,500 38.3 


* Data furnished by the International Nickel Co 
+ Subject to question because of need to stack the samples 


could be. approximated. A pointer stop ammeter with 
a suitable current coil was used for this purpose. This 
apparatus was left in the circuit. Current was measured 
on each material combination. 

2. A Brinell microscope was employed for checking 
nugget size, penetration and weld spacing. 

3. Electrode force measurements were made on each 
gage combination by means of a pressure meter. 

4. Tension-shear testing was done in a 20,000-Ib. 
Southwark machine. 

5. Electrode holder: Because of the difficulties in- 
volved in maintaining consistent low-pressure on a spot- 
weld machine which employs a 6-in. diam. air cylinder, 
it was decided to allow the piston to bottom on each 
stroke of the head. In welding the very thin foils, 
a special spring-loaded electrode holder was procured. 
Electtode force is calibrated directly in pounds on one 
end of the holder. The accuracy of this tool was checked 
against the pressure meter. 


Experimental Work 





Material Preparation 


Mechanical cleaning was accomplished by means of 
No. 400 emery paper. Specimens were polished until 
a relatively dull surface appeared. For testing purposes 
this is probably the most convenient method of material 
preparation. However, several chemical cleaning proc- 





Fig. 1—Special Electrode Holder Used for Maintaining Con- 
sistent Electrode Force in Welding Extremely Thin Materials, 
Such as 0.005 In. 
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Impressions cupped 





esses were applied with excellent results. Since it was 
felt that the evaluation of the several chemical cleaners 
were beyond the scope of the investigation, no attempt 
was made to measure the surface resistance of the speci 
mens after they had been chemically treated. Best 
visual conditions existed after the specimens had bee: 
processed for 5 min. in molten caustic soda, containing 
sodium hydride. However, a few seconds immersion it 
dilute nitric acid gave good results on the nickel. 

A mixture of 10% nitric acid, plus 1-2% hydrofluori 
acid, remainder water, was effective on the Inconel and 
Monel specimens. There were no observable difference: 
due to cleaning methods, in the weldability of the ma 
terials. Welds in the materials which had been cleaned 
(either chemically or mechanically) showed much better 
tension-shear consistency than those which were made ii 
the “‘as-received”’ condition. 

Electrodes 


The importance of electrode composition, size and 
shape itt welding nickel and nickel alloy materials 1 
dissimilar thicknesses cannot be over-emphasized. The 
























Fig. 2—-General View of Tension-Shear and Mounted Speci- 


mens Illustrating the Scope of the Project. The Experiments 
Involved Over 2000 Welds and Over 100 Mounted Specime: 
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electrode materials which were employed in the inves- 
tigation were molybdenum, copper and copper alloys, 
such as R.W.M.A. Classes I, II, Ii and XI. 

Dome-shaped electrodes with 3 in. radius were em 
oloved exclusively. For materials of equal thickness, 
Class II, Group A electrodes will produce satisfactory 
results with a minimum of maintenance. On thin 
rages of nickel (0.015 or less), Class I or copper elec- 
trodes are recommended, since the tendency of these 
electrodes to alloy with the work is minimized. 

[t was found to be not practical to use electrodes of 
smaller than °/32 in. diam. This dimension was estab- 
lished because it appeared to produce welds which were 
of good metallurgical characteristics. The relatively 
large electrode causes the nuggets to appear somewhat 
ibnormal in shape since the ratio of the major axis to 
the minor axis of the ellipse is of the nature of 5 to | 
instead of the conventional 3'/2 to 1. Little can be 
done to cause the nugget to be more evenly propor- 
tioned without reducing electrode diameter to a point 
where indentation and maintenance would become ex- 
cessive. If the standard electrode size formula (2T + 

» in.) were applied, it would give an electrode diameter 
of 0.110 in. It is highly doubtful that this electrode 
would be serviceable for many spot welds. Since, as 
may be expected, the welding of these thin materials 
requires the most accurate control of pressure, current, 





Fig. 3 Fig. 4 Fig. 5 
rig. 3—Typical macrograph illustrating the effect of weld spacing 
n nugget size. You will note that the values of pressure, time and 


trent were approximately correct (as ee from nugget struc 
material is totally lac ~—- This weld 


made by using 6 cycles, 5400 amp. at 400 lb. sure with 

n. electrodes of Class 2 alloy. (Material lndenst 0.010 t 
13.) 

Fig. 4—Improvement in nugget location accomplished by using 

e ae size called out in table. This weld was made using 

‘cles, 5200 amp. at 400 lb. electrode force with 5/»-in. diam. 


trode against 0.015 sheet and °/j.-in. diam. electroc de agair 


63 sheet. (Material—Inconel 10 to 0.063.) 
g. S—Adequate penetration into 0.010-in. sheet was obtained by 
J 400 lb. force with 5/3.-in. diam. mc lybdenum- tipped electrode 
les with 5500 amr Material——Inconel 0.010 to 0.063 
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surface condition and time, even slight mushrooming 
the electrodes could be disastrous. For this reason, it 
is highly recommended that the relatively large in 
diam. electrode be employed 


Pressure 


Pressure adjustment on thin materials appears to be 
very critical, if ‘‘stick’’ welds are to be avoided. The 
previously mentioned alloying of the électrode with the 
work can be largely alleviated through the use of low 
electrode pressure. In many of the experiments, on 
extremely thin materials, perfect welds between each 
electrode and the work were produced with no sign of 
a bond between the faying surfaces. 

Electrode pressure has a pronounced effect on the 
welding current in nickel fabrication. With increasing 
pressure, extremely high welding currents will be re 
quired. For example, in welding 0.015—0.015 nickel at 
700 Ib. electrode force, currents of the nature of 30,000 
amp. were required. When using the recommended 
250 Ib., the welding current was 12,300 amp. 
liming 

It is generally considered to be good commercial prac 
tice to use relatively long weld time. Proper timing is 
conditioned by material thickness. Weld time for pur: 
nickel will necessarily be short, because of considerations 
to be discussed later. There appears to be a direct 
correlation between the optimum weld time and the 
electrical resistance of the material. Since there is a 
limit to the degree to which the surface resistance of the 
material can be controlled, the importance of the R 
in the H = /* RTK formula may be minimized by using 
greater: 7. The / of the formula cannot be permitted 
to become excessively large, because sparking at the 
electrode will become significant. Hundreds of tension 
shear tests have indicated that welds made with rela 
tively long weld time have greater tension-shear strength 
consistency than short-time welds (not necessarily 
greater tension-shear strength It must be recognized, 
however, that in welding extremely thin gages of these 
materials, that another variable is introduced. This 


takes the form of a time-temperature consideration 
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[t is obvious that the time required for the welding heat 
to reach the surface of the thin material will be con- 
siderably shorter than that required to reach the surface 
in heavier gages. Further, the heat conductivity which 
can be directly correlated to the electrical conductivity 
and inversely correlated to the electrical resistance of 
the material, of nickel is much greater than that of 
Inconel or Monel. This characteristic places consider 
able restriction on the desirability of long weld times 
when welding pure nickel. It has been found in spot 
welding this material, that short weld times are abso- 
lutely essential if electrode pickup, sticking and keying are 
to be avoided. Possibly the rule in welding nickel 
would be to use as long a weld time, up to 20 cycles for 
heavier gages, as can be employed without sticking or 
electrode pickup. 

Current 


The “per cent heat’ dial on the control equipment 
permitted current variation of 2000-32,000 amp. A 
wide range of current values was tried on all gages of 
all materials. After the pressure and time had been 
established, the current setting was adjusted so as to 
cause expulsion of metal. The current was then re- 
duced to a point below that at which expulsion of metal 
occurred. This technique generally produced sound 
welds, although in the case of the “A’’ nickel, it had to 
be reversed because of the tendency of the material 
to stick to the electrode. Current settings in ‘A’”’ 
nickel were established by starting at a low current and 


Fig. 7 





Fig. 8 


Fig. 7—Macro 0.021-0.063, */1s-in., Class 2 electrodes, top and bottom. No penetration in 0.021 mate! 


Table 3 
Indentation per sheet 
Thickness Nickel Monel Inco 
0.002 0.0002 0. 0002 0. 00 


0.005 0.0005 0.0005 0 
0.010 0.0005 0.0015 0 
0.015 0.001 0. 002 


th} 
(My 


UU 


increasing current in small increments until 


weld was obtained. This approach saved considerab| 


electrode machining time. 
Indentation 


Maximum allowable indentation, according t 
Specification, is 20% of the total thickness being weld 
for structures which are not air foils. In 
thickness welding, as will be seen from the macrograp 
most of the indentation occurs on the thinner pi 
This is understandable, in view of the fact that the ek 
trode which contacts the thin sheet may have onl) 
tenth of the area of that contacting the thick 
so that the unit pressure on the thin sheet would b: 


times greater than on the thick sheet. This conditio: 


is aggravated when a low conductivity electrode i 
against a thin sheet—in the interest of obtaining lh: 
balance—since more heat will be generated at the p 
of contact, causing a reduction in the mechanical stre1 
of the thinner material. Table 3 lists the degre 
indentation for the thin gage material. 





Fig. 9 Fig. 10 


indicating that 3 to 1 material thickness ratio in Inconel cannot be handled with equal size electrodes. | 
weld was made using 12 cycles, 5600 amp. at 400 lb. pressure. 


Fig. 8—Macro 0.021-0.063, */1-in. molybdenum electrode: top, 5/,s-in., Class 2 electrode; bottom, 40 


pressure, 12 cycles, 5300 amp. 
Fig. 9—Spot weld in 0.010 A” nickel. 120 x. 
Fig. 10O—Spot weld in 0.010 Monel. 50 x. 
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Vinimum Contacting Overlap 


The 1uinimum contacting overlap is the smallest value 

which, when using the schedules of Table 4, will prevent 
expulsion of metal. It is generally recognized that 
edge’ welds usually show subnormal tension-shear 
alues. It is therefore necessary to establish minimum 
edge distances. Edge distance is determined by the 
ea of the fused zone, which in turn is a function of the 
electrode diameter. Since, in welding thin materials, 
there is a lower limit to electrode diameter beyond which 
electrode maintenance cost would become prohibitive, 
it appears that the minimum contacting overlap which 
will avoid “‘edge’’ welding with its attendant expulsion 
f metal and loss of tension-shear strength, is '/, in. 
[he minimum practical electrode diameter has been 
established at 5/5 in.). 


Diameter of Fused Zone 


As previously noted, the diameter of the fused zone 
is directly related to the electrode diameter. Values of 
the diameter of a nugget are listed in Tables 4, 5 & 6. The 
extremely high ratio of the major to the minor axis of the 
nugget is felt to be satisfactory in view of the considera- 
tions noted in the discussion of electrodes. The di- 
meter of the fused zone for all specimens was measured 
by means of a 20-power Brinell microscope. This was 
taken at the faying surfaces. In widely dissimilar metal 
thickness combinations it is not necessarily the major 
wis of the nugget. 


Minimum Weld Spacing 


Data on minimum weld spacing on very thin materials 
is difficult to gather. This is because the nuggets are 
small, making it very difficult to locate them. After 
the nugget has been located, one can never be certain 
that the section has been taken at the exact center. 
For this reason, it is felt to be not practical to express 
this figure as a decimal, since it necessarily is an approx 
imation. Many factors contribute to the optimum weld 
spacing data. Some of these are: 


1. The diameter of the fused zone. 

2. The electrical resistance and its corollary—the 
heat conductivity of the material. 

3. The composition, size and shape of the electrodes 

1. The surface resistance of the material. 


Quite naturally, with all of these variables, it becomes 
difficult to specify a weld spacing which will hold true tor 
all gages, all combinations and all compositions of ma 
terials. 

Based on these experiments, there is a strong indica 
tion that the data which is listed in the tables in the 
‘Resistance Welding Manual’”’ is on the low side. How 
ever, the schedules appear to be extremely accurate and 
will produce welds of superior quality so that a small 
reduction in nugget size due to the shunting effect of the 
preceding spot is felt to be not particularly detrimental. 
The data on weld spacing, which is listed in Tables 4, 
5 & 6 was obtained in the following manner 


Table 4—Spot Welding Annealed Monel Sheet 


Electrode 

Thickness, Diameter, In. Force, 
In. Top Bottom Lb. 

0.005 to 

005 


Cycles 


; 


220 


5 
010 5/5 5/50 220 
5 


015 2 5/30 220 
021 5 / 30 220 
031 t 250 
063 . b/s 250 
094 4 b/s 250 
0.125 4 r/s 250 
010 to 
0.010 b/,, 270 
0.015 ” b / a0 280 
0.021 5/9 280 
0.031 > } 300 
063 } b 300 
094 b/ 39 /s 325 
0.125 : ; 325 
015 to 
0.015 iP 300 
0.021 ” 300 
0.031 325 
0.063 3/, 5 / 325 
0.093 9 325 
0.125 5/, 325 
021 to: 
0.021 My, 
0.031 325 
0.063 ; , 325 
0.093 /, 6 325 
0.125 / /s 325 
O31 to: 
0.0381 B/ ie 1 700 
0.063 B/ ie ‘ 750 
0.094 1¢ b/s 775 
).125 1 8 775 
163 to: 
). 063 ba 5/ 2700 
). O93 8/1 ' 2700 
1.125 5/,, i/. 2700 
). 094 to: 
). 094 5 2760 
125 b/s 4 2760 


DdV00 


Electrode Weld Time, 


60 per sec. 


Weld Contact Weld 
Current, Overlap, Spacing, 
Amp. In In 


Diameter Shear 
Fused Strength, 


Zone, In. Lb 


5,000 
6,100 
7,000 
7,200 
7,400 
8,000 
8,600 
8,700 


7,200 
8,600 
8,200 
8,800 
9 200 
9,900 
9,900 


8,600 
8,200 
9,300 
9,400 
9,500 
9,500 


6,200 
6,800 
7,200 
7,700 
8,200 


10,500 
11,200 
11,400 
11,800 


l 5,: 300 
15,900 


16,200 


22,600 
25,000 


0) OM) 


SPOT-WELDING NICKEL AND ITS ALLOYS 














After a suitable welding schedule had been established, 
welds were made at various spacing in increments of '/1¢ 
in. The “‘twist’’ test was used as an indication of the 
diameter of the fused zone. This was measured by 
means of the 20X Brinell microscope. When, from this 
examination, a nugget size equal to that of a single 
spot specimen was obtained, another sample weld was 
made. This weld was carefully sectioned and mounted. 
The nugget diameter was accurately measured with the 
microscope. In view of the limiting factors previously 
mentioned, the weld spacing data contained in the table 
is felt to be fairly accurate. Many of the accompanying 
macrographs illustrate the manner in which the weld 
spacing data were gathered. 


Factors Affecting Nugget Location 


Sufficient evidence has been obtained to indicate that 
the composition, size and shape of the electrodes are the 
major factors in attaining proper weld nugget location. 
In welding metals of dissimilar thickness, no precautions 
need be taken if the ratio of the thickness of the thinner 
piece to the thickness of the thicker piece is 2 to 1 or 
less for Inconel or 3 to 1 or less for Monel or nickel. 
In Inconel welding, if the ratio betweerf thicknesses be- 
comes 3 to 1, the use of the electrcde diameters in Table 
6 will usually result in adequate weld penetration in the 
thin sheet. When the ratio of metal thicknesses becomes 
greater than 3 to 1, it is necessary to use a low-conduc- 
tivity electrode of the specified diameter against the 








Fig. 11 


Spot Weld in 0.010 Inconel. 50 x 


thin sheet, while using a large diameter, high-condy 
tivity electrode against the heavier piece. Wel 
gets under these conditions may assume a kidney 
this peculiar nugget formation may be partly ex, 
by the fact that the pressure in this area is higher i; 
center than at the edges, causing the electrical resi 
to be lower and resulting in the generation of less }y 
When the electrical resistance is lowered, th: 
conductivity is raised, so that the electrode carri 
the welding heat in this area by conduction at a g1 
rate than it does the heat at the periphery. It is: 
able to expect that the nuggets will have a decided 
at thisarea. Examination of the macro specimens s| 
this to be the case. 


Tension-Shear Values 


Tables 4, 5 and 6 list various tension-shear values 
which may be expected under the stipulated weldin; 
conditions. It must be pointed out that these values 
will vary slightly, either upward or downward, dependi: 


Table 5—Spot Welding Annealed Nickel Sheet 


Electrode Electrode 











Weld Time, Weld Contact Weld Diameter Welk 
Thickness, Diam., In. Force, 60 Cycles Current, Overlap, Spacing, Fused Strengt} 
in. Top Bottom Lb. per Sec. Amp. In. In. Zone, In. Lb 
0.005 to: 
0.005 5/40 5/50 100 3 7,100 1/, , 0.10 
0.010 5/0 5/50 100 3 7,400 1/, 7/1 0.10 4: 
0.015 5/30 5/30 110 3 7,500 1/, 7/1 0.10 1s 
0.021 5/30 5/39 110 3 7,800 1/, 1/, 0.10 58 
0.031 5/55 3/16 110 3 8,000 1/, il, 0.10 b 
0.063 5/30 3/16 115 3 8,100 1/, 5/, 0.10 HE 
0.093 & /, 3/16 115 3 8,150 i/, 5/, 0.10 f 
0.125 5 3/16 115 3 8,200 1/, 6 0.10 HS 
0.010 to: 
0.010 3/16 3/16 130 3 11,800 1/, 3/, 0.12 17 
0.015 5/30 3/16 130 3 11,900 1/, 3/5 0.12 180 
0.021 5/30 3/16 130 3 12,000 1/, 7/16 0.12 ly 
0.031 od 32 3/16 130 3 12,200 1/, “/16 0.12 wu 
0.063 5/50 3/16 140 3 12,300 1/, 1/, 0.12 234 
0.094 5/0 3/16 140 3 12,300 1/, 5/, 0.12 24 
0.125 5/50 3/16 150 3 12,500 1/, b/s, 0.12 26 
0.015 to: 
0.015 3/16 3/6 250 3 12,300 1/, 0.12 22 
0.021 3/16 3/16 250 3 12,500 1/, 1/, 0.13 3] 
0.031 3/16 3/16 250 3 12,600 1/, 1/, 0.13 3 
0.063 3/16 1/4 260 3 12,800 1/, 9/16 0.13 372 
0.094 3/16 5/s 260 3 13,000 1/, 5/s 0.13 Ste, 
0.125 3/16 5/, 260 3 13,100 1/, 5/, 0.13 39 
0.021 to: 
0.021 5/50 5/3 370 4 7,800 5/16 ® 16 0.12 j 
0.031 5/30 5/39 370 4 8,200 5/16 5/5 0.12 102 
0.063 5/50 5/30 370 4 8,600 5/16 S 8 0. 2 ial 
0.094 5/30 5/s 380 4 8,800 5/56 11/s6 0.12 O38: 
0.125 5/50 5/5 380 4 9,000 5/16 3/, 0.13 sptit 
0.031 to: 
0.031 3/ ye 3/1 900 4 15,400 3/, 7/s 0.18 yok 
0.063 3/16 3/16 900 4 15,200 3/5 7/s 0.17 St 
0.094 3/16 3/16 900 6 13,500 3/5 l 0.18 lt 
0.125 8/ se o/s 980 6 14,200 3/5 ] 0.18 11 
0.063 to: 
0.063 1/, i/, 1720 6 21,600 5/s 1'/, 0.25 
0.094 I/, 1/, 1800 8 20,000 5/, 15/s 0.25 
0.125 /, /, 1800 10 21,000 b/s 13/, 0.25 
0.094 to: 
0.094 5/16 Bie 2300 12 26,400 /, 17/s 0.31 4 
0.125 5/16 5/16 2300 20 25,500 3/, 2 0.31 t 
0.125 to: 
0.125 3/5 3/ 3300 20 31,000 7/s 21/, 0.37 
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values 


ending 


upon all of the other factors in the schedules. Chemical 
composition, mechanical properties, surface resistance, 
ze anid shape, conductivity and make of electrodes are 
put a (ew of the factors which enter into the attainment 
of satisfactory tension-shear values. All of the schedules 
‘rom 0.021 to 0.125, equal thickness materials, have 
heer: established by other experimenters. It is of interest 
+) note, however, that in setting the dissimilar thickness 
schedules, the established tables were carefully checked. 
The results obtained were excellent in that the tension- 
shear tests were extremely close to those called out in 
the tables. (The materials which were used in our ex- 
oeriments were taken from the same heat as that used in 
establishing the original schedules.) It is felt that the 
macro etch test provides a more reliable index to weld 
quality than does tension-shear testing. Macro etch 
testing, plus “twist testing’ precludes ‘‘stickwelds’’ 
which in these alloys may have remarkably high tem- 
porary strength. The macro etch test is probably the 
most effective means of checking weld quality. If 
this test shows a weld to be of good quality, the tension- 
shear test will demonstrate high strength. (Exception: 
Air hardening alloys such as 4130). If the tension-shear 
test shows high strength, it is not an infallible indication, 
especially in thin materials and materials of widely dif- 
lerent gage, that a good quality weld has been produced 
The tension-shear values shown in the tables are those Fig. 12—Structure of Nugget 500 X, 0.010 Inconel 
which were obtained under the stipulated welding condi- 


Table 6—Spot Welding Annealed Inconel Sheet 


Electrode Electrode Weld Time, Weld Contact Weld Diameter Shear 
lhickness Diam., In Force, 60 Cycles Current, Overlap, Spacing, Fused Strength, 


In. Top Bottom Lb. per Sec. Amp. In. In Zone, In 
1.005 to: 
).005 32 5/s0 . 300 7,000 
0.010 | 50 3) 300 5,300 
0.015 - 3/ 300 5,500 
0.021 32 ‘ 300 j 4,800 
0.031 2 J 325 j 5,400 
0.062 ; 325 6 5,600 
0.094 2 325 ; 5,800 
0.125 2 é 325 ) 5,600 
.010 to: 
0.010 
0.015 
0.021 
0.031 
0.063 
0.094 
0.125 
.015 to: 
0.015 16 . 360 } 7,600 f 0 
0.021 / 360 ) 5,400 0 
0.031 32" 3/16 400 4,600 | - 0 
0.063 ‘30 400 4,700 / * 0 
0.094 / / 400 4,700 ; 0 
0.125 ’ / 400 4,600 0 
.021 to: 
0.021 / 33 F 300 
0.031 P 350 
0.063 3/14" , 400 
0.094 3/6 f 500 
0.125 3/\6 550 
1.031 to: 
0.031 ae 3 700 
0.063 8/ 700 
0.094 6 700 
0.125 {,* 3 750 
!. 063 to: 
0). 063 /i6 ‘ 3070 12,000 
).093 5 2450 12,000 
0.125 5/,. 5 2600 12,000 
094 to 
0). 093 ; ’ 3870 15,000 
). 125 7/ i 5100 20,000 
125 to: 


).125 , i 5270 - 20,100 


0 
0. 
0. 
0. 
0. 
0. 
0. 
0 


~e e+ 2 se * & * 


320 7,500 ' 0. 
320 5,500 0. 
320 j 5,100 m 0 
350 5,600 9/50 0 
400 } 5,500 0 
400 : 5,800 3/, 0 
400 j 4,600 ; 0. 


ow o 
Ww bd 


aw & 
a 
> 


Severn ss 
& Oe & CO 


et et et et et 
bo bo 


~~? C2 WwW 


— 
to 


4,000 0 
4,100 7 0 
5,300 5/20 0 
5,900 i 0 
6,300 é , 0 
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6,700 3, 0 
7,100 5 0 
8,300 ! 0 
8,500 3 0 
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* Indicates molybdenum-tipped electrode. 
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184 
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270 
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360 
395 
440 


365 


370 
360 
460 
550 
670 
700 


680 
670 
775 
82S 
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1150 
1210 
1565 


1510 


3450 


3420 


5530 


vr 
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Fig. 13—Macro 4 X, 0.021-0.125 Inconel. 
tration in Thin Material. 


Adequate Pene- 
Excellent Structure 


tions. Higher or lower values may be obtained by vary 

ing the current, time, pressure and electrode size and 
shape. If, in setting a welding machine for production 
welding, the tension-shear test does not come up to the 
desired value, the nugget size may be enlarged by in 
creasing the pressure and current—except for thin nickel. 
This will have the effect of increasing the effective elec 
trode size. 


Photography 


Several photomacrographs illustrating the manner in 
which weld spacing data were gathered are presented. 
These were made from mounted specimens. The etch 
ant used for the “A’’ nickel consisted of a solution of 10 
ce. nitric acid plus 5 cc. acetic acid plus 5 cc. water used 
electrolytically. This etchant was selected because of 
the contrast effect which is so necessary for the micro 
photography of nickel. Ten per cent oxalic acid, used 
electrolytically, was employed on the Monel and Inconel 
specimens. 

Because of the high purity of the nickel (99.51% 
great difficulty was eXperienced in procuring suitable 
etched specimens. The theory of etching involves the 
preferential attack of some of the constituents by the 
etchant. Since the constituents of the ‘A’ nickel con 
sisted mainly of nickel, most etchants which were tried 
resulted only in a pitting attack on the parent material 
However, when the welding conditions were such as to 
cause complete melting with its subsequent recrystalliza 
tion, the nuggets were clearly visible after immersion 
in the nitric-acetic etchant. Because of the etching 
difficulties, most of the macrographs are of Inconel 
specimens. 

The accompanying photographs are self-explanatory. 
The equipment used and the scope of the project are 
clearly indicated. As a matter of general interest, Fig. 
14 was included. This is a micrograph of a rollweld in 
0.001 A.I.S.I. Type 302 stainless steel. The end use of 
the product containing this weld was for tail-pipe 
insulation for jet engines. The fabrication involved 
joining strip, 12 in. wide, in order to form flat sheets 
48 x 108 in. The use of Class 1 or copper electrodes is 
recommended on fabrications of this type, if excessive 
electrode sticking is to be avoided. 


Summary 
Nickel 
1. Short weld times are indicated if pickup, sticking 
and mechanical keying are to be avoided. 


2. Of the alloys tested, nickel is hardest to weld. 
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Fig. 14—Seam Weld in 0.001, Type 302, Stainless Stee] 


Stickwelds have very high strength—often as 
higher than sound welds—but extremely low fati; 
3. Due to the high electrical conductivity, 
necessity for short welding time, extremely hea\ 

ing currents are required 

t. Welds in annealed “‘A’’ nickel show rem 
fatigue life. The “twist test’? on a properly « 
weld, shows over 200° before complete failure. 

5. Pressure adjustment on nickel foils is criti 
excessive pickup, mechanical keying and alloyins 
be avoided. 


Monel 


1. In no material combination was it 
vary electrode composition. All gages and combinat 
of Monel were welded with R.W.M.A. Class 2, Grou 
materials. When the ratio of thickness of thin: 
thicker piece became greater than 3 to 1, chang 
electrode size was necessary to insure proper 
location. The use of relatively long weld times h 
demonstrated to be beneficial in Monel fabricati 

2. The macro etch test, in combination wit 
“twist test,’’ will provide an adequate process . 
technique. The peel test has been found to 
reliable on gages of material of 0.015 and lower 
dissimilar metal thickness combinations. Peel 
is reliable, however, in equal thicknesses of 0.() 
higher. 
3. Of the nickel alloys, Monel appears to be th 
est material to weld. Wide variations of time an 
rent are permissible. A tension-shear test of a pr 
executed weld in Monel will generally demonstr 
parent material strength. Many of the tension-s aC 


necessal 


specimens pull ‘double buttons,”’ i.e., the material pu ne 
out from each side. 

4. Stick welds in Monel often show remarkal et 
high strength. For this reason, macro etch testins tiel 
essential. . 

ye] 
Inconel h 


1. Of the alloys tested, Inconel is most suscept 
to poor “‘heat balance” characteristics. 


. . . ° | 
2.. Little difficulty with electrode pickup, st ‘al 

. . ae . . i 

or keying will be experienced in welding Inconel. 

‘ = - . . ’ I 
3. Electrode force may be increased in order ; 
prevent sparking when welding work-hardened materia! . 
. , we 
4. Because of the work-hardening characteris ve 

. . ‘ ) 

the use of Class III electrodes is recommended 1! el 
. . cc 2 . . 
trode maintenance is to be minimized. vl 
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Resistance Welding Crossed Wires 


By Raymond C. Jones’ 


A study of the effect of welding variables, 
namely electrode force, time and current, 
upon the strength and appearance of crossed- 
wire welds was made. The scope of the proj- 
ect was confined to wires having a maximum 
diameter of '/, in. and a minimum of '/, in. 
using both cold-drawn and hot-drawn (basic) 
low-carbon steel. Each wire diameter con- 
sidered was studied under the three condi- 
tions of setdown of 15, 30 and 50%, as the mag- 
nitude of the required variables is dependent 
upon the amount of setdown (per cent set 
down being arbitrarily defined as the per cent 
of one wire diameter lost during weld). A 
jig was developed for use in conjunction with 
a standard testing machine for breaking 
welded coupons and arriving at a measure of 
weld strength. Correlation of the observed 
data permitted the selection of welding vari- 
ables which would consistently produce high- 
strength welds having sufficiently good ap- 
pearance to meet most requirements. 


Introduction 


ESISTANCE welding of crossed wires may be 

defined as the fusion of wires or rods, lying one 

above the other with their lengths normal to 
each other, by the simultaneous application of current 
ind pressure. 

This phase of the resistance welding process has long 
een known and its use adopted extensively in many 
elds of metal fabrication. The production of such items 
is wire racks, novelties, gratings and many others has 
benefited by the inherent time, labor and cost saving 
haracteristics of this process. 

The use of resistance welding in this field may be 
grouped into three classifications according to the number 
t welds involved and the type of equipment used; 
labrication of parts where single welds are made using 
rocker arm, press type or seam welders; manufacture 
t articles requiring a number of welds where a seam 
welder is employed making one or more welds at a time, 
but feeding the assembly through the machine, thus 
speeding up the operation; and the most prevalent type 
where a press welder is employed to produce a number 
ot welds simultaneously. 

That only a meager amount of published data is avail 
ible concerning the proper choice of variables to be em 
ployed in conjunction with this process may be presumed 
to be the result of past experience indicating that this 
application is relatively insensitive to schedule. Such 
lack of information may also be attributed, in part, to 
the difficulty of testing welds of this geometry and the 


7 nee of standards with which to compare observed 
dat i. 


; * Scheduled for Twenty-Ninth Annual Meeting, A.W.S., Philadephia, 
*a., week of Oct. 24, 1948. 
‘les Engineer, The Taylor-Winfield Corp. Warren, Ohio. 


Objective 


Che program herein described was initiated with a de 
sire to obtain more complete information relative to the 
effect of welding variables upon the end product. Specifi 
cally it was desired to determine what combination of 
welding time, electrode force and welding current would 
produce quality welds. As criteria of quality, both break 
ing load and appearance were considered. 

The assumption that appearance would be of major 
importance is contingent upon the fact that the majority 
of applications in this category concern products where 
the weld is visible to the ultimate consumer. It must 
also be recognized that the expulsion of a large amount 
of unrestricted metal, as is the case in crossed-wire weld 
ing, will result in an undesirable appearance unless proper 
control is instituted. 

The need for basic information upon which to predi 
cate variables for more complex applications led to the 
restriction of work to the making of single welds using 
wires of equal diameter. It was felt that such informa 
tion would be of immediate value and furnish a basis for 
future programs of investigation. 

The scope of the program was further limited to the 
study of wires having a maximum diameter of ‘/, in 
and a minimum diameter of '/gin. Although, arbitrarily 
chosen, this limit was felt to be broad enough to include 
the majority of applications in this field. Realizing that 
the magnitude of the variables required for a given wire 
size would be dependent upon the per cent of setdown, 
data was obtained for each of three setdowns: namely, 
15, 30 and 50°. Here again, the arbitrary choice of 
limits was designed to provide data which would be of the 
greatest value. 


Material 


Data was desired for welding both cold-drawn and hot- 
drawn (basic) low-carbon steel wire. To insure reason 
able uniformity of chemical analysis and physical proper 
ties, samples were submitted to the James Herron Labo- 
ratories of Cleveland, Ohio, for tests, the results of which 
are shown in Table 1. 

Uniformity of surface condition was obtained by pur 
chasing clean bright steel which had been oiled previous 
to shipment to prevent corrosion. Oil and accumulated 
dirt were removed just prior to welding by submerging 
the steel in carbon tetrachloride and wiping clean with a 
dry cloth or paper towel. 


Equipment 


Welding Machines 


The wide range of variables necessitated the employ 
ment of a number of welding machines. All such equip- 
ment was of the press type, fully automatic, direct air 
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Table 


——_—_—_—_—_—_——————-Cold-Drawn Wire 


Wire Ultimate Elon- Rock- 
Diam., Strength, gation, well, - —Per Cent —— 
In. Psi. % B . Mn P S 
a 116,000 5 91 0.17 0.95 0.010 0.024 O 
/ 16 88,000 13 89 0.22 0.74 0.012 0.024 0 
‘ 98,000 14 94 0.19 0.74 0.014 0.021 O 
16 90,000 15 91 0.18 0.71 0.023 0.030 O 
a /s 85,000 18 89 0.17 0.57 0.022 0.037 O 
16 79,000 24 88 0.17 0.80 0.0382 0.041 O 
. 76,000 25 84 0.16 0.80 0.016 0.027 0O 





operated and designed for operation from a single-phase, 
0-cycle, alternating-current supply. Each machine was 
equipped with a transformer having a tapped primary 
winding for adjustment of welding current. Finer ad 
justments were obtained through the medium of an auto 
transformer connected across the primary of the main 
transformer. 


Controls 


: , 

The sequence of operations and the time duration of 
each was controlled through the use of standard non- 
synchronous welding controls employing electronic con 
tactors. A phase-shifting heat control was incorporated 
with the electronic contactor as auxiliary equipment. 

The use of the phase-shifting heat control with its in 
herent nonsinusoidal wave shape was felt to be justified 
due to the fine adjustment of welding current required to 
obtain predetermined percentages of setdown. In order 
to minimize the extent to which this nonsinusoidal wave 
might affect the results, it was never used below the 80% 
heat setting, with coarser adjustments obtained through 
the use of the auto-coil or the taps of the main trans- 
former. 


Electrodes 


Flat, copper, water-cooled electrodes were used in all 
cases. The decision to adopt flat electrodes for use in 
this investigation was reached after considerable discus- 
sion with a number of welding engineers informed in this 
type of welding; the consensus of opinion being that 
flat electrodes were the most desirable for production pur- 
poses. It should be recognized, however, that although 
flat at the beginning of a specific data-recording period 
the faces of the electrodes rapidly deformed to the con- 


FIG. | 


JIG EMPLOYED IN 
TESTING CROSSED 
WIRE WELDS FOR STRENGTH 
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1—Chemical Analysis and Physical Properties of Materials Used in Investigation 


-_ oe 


— ——— Hot-Drawn Wire— 
Ultimate Elon- Rock- 


— Strength, gation, well —————_——Per Cent- 

Si Psi % B *. Mn Pp S . 
.028 89,000 9 87 0.071 0.35 0.015 0.044 

.028 yee wi sate ie aa 

.035 69,000 10 81 0.053 0.40 0.013 0.03% 
.197 73,000 14 83 0.062 0.36 0.015 0.045 ) 
_028 68,000 19 &1 0.059 0.34 O.015 0.028 

033 

024 


tour of the 
production. 
A closer examination of the subject of elect: 

brought to light the fact that this factor had no eff 

upon the required welding variables; however, due to th 
more intimate contact of the work with the electrocd 
where contoured dies are employed, this component 

the work resistance is reduced, thus lowering the se 
ondary voltage required for a given welding current 
We may thus conclude that contoured dies will slight! 


ES Se oo 


reduce the power demand and minimize surface bur 


wire being welded, as would be the ( 


General Procedure 


As previously mentioned, the broad purpose 
program was to provide information which would b 
value to commercial users of resistance welding « 
ment in determining the correct variables for their app! 
cation. A first assumption was that a fair appearai 
would be required for commercial use; a second assu 
tion being that economic factors would require that th 
welding time be limited to 60 cycles (one second) or less 

Initial tests were concerned with cold-drawn low-car 
bon steel wire and welds were made using a predetet 
mined time and per cent setdown. 
was varied in increments consistent with the total valu 


maintaining constant the predetermined time and per 


cent setdown. 

Evidence was at once presented indicating that 
pleasing appearance could be obtained over a wide rai 
of welding time provided the electrode force was proper 
adjusted. It was further noted that maximum stre: 


A=2xX 
B= 3X 
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Measurements 


Weld Time.—The calibrations oi 
the weld timer dials were checked by 
the use of a brush magnetic oscillo- 
graph before initiation of the welding 
program. Frequent checks of th 
weld time values throughout the in 
vestigation insured continued ac- 
curacy. 

Welding Current.—All welding cur- 
rents were determined by measure- 
ment of the primary current with a 
pointer-stop ammeter in conjun 
tion with a current transformer and 
multiplying this value by the turns 
ratio of the welding transformer. It 
‘trodes will at once be realized that this re 
ellect sults in the recorded values being the 
to th maximum rms. currents flowing dur 
ity x ing the weld time. 
arp Realizing the possibility of intro 
rrent ducing an error in this type ol measure 
lighth . ment due to the exciting current ol 
whine . the welding transformer, this value 
™ ; was measured under open circuit con 
ditions and determined to be of such 
Fig. 3—-Effect of Electrode Force on Appearance a low magnitude as to be insignificant 
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1300 1200 — - , 7 
| 


| | 
Eee ee ee Oe 


BREAKING LOAD 








oom 
L 











@ 
°o 
°o 





and pleasing appearance were coincident over a much 
larrower range of welding time. 

In addition to the original assumptions, the balance of 
the tests were conducted in the vicinity of the minimum 
electrode force which would produce a satisfactory ap- 
pearance. These points were determined by adjusting na 
the electrode force until the desired appearance was ob- . 
tained at a given time and per cent setdown. am | —_— om 
Once this information was obtained, a similar inves- 
ugation was started using hot-drawn low-carbon steel 
wire. It soon became evident that the current and elec- paw GR es 2 
trode forces required for the same end results were very /8 DIA. WIRE  SET-DOWN 50% 
close to those obtained for cold-drawn wire. For this 06 i020 30 20 
= only a limited number of tests were made on hot- SESS TNE CSS 
adraw - 2@ i >} 

“a . = no coherent Serge ed et — - Fan. 5 and 6—Relation of Required Schedules for Satisfactory 
> e . was J ppearance and Resulting Breaking Load to Welding Time 
the desired end results for cold-drawn steel. When Welding Cold-Drawn Low-Carbon Steel 
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i:lectrode Force.—The accuracy of the recorded values 
of electrode force was insured by calibration of each 
machine before the start of welding operations. Calibra- 
tion consisted of measuring the electrode force with a 
General Electric welding force gage, inserted between 
the electrodes, while simultaneously noting the air pres- 
sure as indicated by a standard air pressure gage. 

As a further precaution the squeeze period was so ad- 
justed as to provide sufficient time for the electrode force 
to build up to the desired value before initiation of weld 
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ing current. Recognition must be given, howe 
the fact that the electrode force is not constant th; 
out the weld time due to the changing dimensions 
material between the electrodes; the magnitude «/ ¢}, 
force and its rate of change being a function of the +, 
cent setdown and the rate of follow-up of the » 
head. Where the change in dimension is considerah\. 
lack of rapid follow-up results in a much lower appli: 
tion of electrode force at the end of the weld time wh; 
requires the application of a greater initial force a 
pensation, 
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Breaking Load.—Considerable time was expended in 
determining a practical method of measuring the force 
required to break this type of weld. The jig finally 
idopted (Fig. 1) was felt to be capable of producing the 
lesired results without being too intricate for use in pro 
luction work. 

The values measured by employing this jig in con 
junction with a standard hydraulic testing machine, al 
though not absolute tensile values, provide a method oi 
omparing relative strengths. An outline drawing, 
showing the dimensions of the jig which vary with the 
liameter of the wire under test, is shown in Fig. 2. Ex 
mination of the jig will lead to the conclusion that values 
closer to the absolute tensile value could have been ob 
tained had these dimensions been smaller. This was 
realized at the outset, but consideration had to be given 
to the amount of extruded metal and to the width of 
the pusher bar; the values shown being the smallest 
which could be used with adequate margin for these con 
siderations. 

As any change in the original dimensions of the jig 
was found to materially affect the results, the use of 
hardened tool steel in fabricating the jig was necessary 
in order to maintain initial dimensions. The use of softer 
material resulted in the edges of the pusher bar mush 
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rooming, thus enlarging the opening which in turn in 
creased the bending moment with an accompanying de 


crease in the amount of force required to break the weld. 


Results 


Low-Carbon Cold-Drawn Steel Wire 


A ppearance.—Early in the investigation it became 
quite evident that the resulting appearance of welds 
made at a fixed welding time and per cent setdown prog 
ressed through a definite cycle as the electrode force was 
gradually increased from a low value. This same cycle 
was noted for every wire diameter and per cent setdown 
investigated, except '/s-in. diam. wire set down 15°, 
It is reasonable to assume that the same conditions ex 
isted here, but were not discernible due to small volume 
of displaced metal. 

An examination of Fig. 3 will permit the reader to 
gather a general impression of the effect of electrode force 
upon weld appearance. However, it must be realized 
that it was not possible to present every obtainable con 
dition with the variations which occur with slight ad 
justments of electrode force. 
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It is the writer's opinion that welds having this ap 
pearance will be suitable for most applications; more 
over, where strength is a factor and appearance require 
ments are more severe, appearance requirements can be 
met by buffing with a soft wire brush. Where strength is 
not of particular importance, greater electrode force 
can be used, thus eliminating the small feathers of ex- 
truded metal entirely. However, if the electrode force is 
increased beyond this level, a sacrifice will be made in 
strength and more and more welds will be found fractur 
ing across the weld line as greater forces are employed. 

Data.—The effect of welding time upon the required 
schedules for producing welds of satisfactory appearance 
(as previously described) in cold-drawn low-carbon steel 
and the strengths of the resulting welds are shown in 
Figs. 5 to 23, inclusive. It will be noted that this group 
does not include welds in !/s-in. diam. wire, set down 
15°%,. It was found that the small volume of metal dis 
placed in this case made it practically impossible to dis 
tinguish between appearance levels without the aid of a 
miscroscope. For this reason appearance was not con 
sidered in the selection of a recommended schedule for 
welding '/,in. diameter with a set down of 15°. Data for 
this case are shown in Fig. 4 with the measured breaking 
loads plotted against the electrode forces used at various 
fixed welding times. 

Welding Time.—The range of weld time over which 
satisfactory appearance and maximum weld strength are 
coincident becomes greater as the wire diameter and/or 
the per cent setdown increases, while the minimum time 
required becomes longer as the wire diameter increases 
and is not materially affected by the per cent setdown. 

Maximum strength can be obtained at weld times of 
lesser duration by a corresponding decrease in electrode 
force; however, if the weld time is shortened to too 
great an extent a point is reached where maximum 
strength cannot be obtained at any electrode force. A 
further result of the use of relative short weld time is a 
brittle weld structure; a characteristic to be expected 
when heating and cooling rates are too great. 

Welding Current.—The welding current was found to 
be practically constant over a wide range of electrode 
force with the wire diameter, per cent setdown and weld 
ing time maintained constant. This may at first appear 
contrary to the basic laws of resistance welding; it being 
a known fact that the heat required for raising the tem- 
perature of the work to the plastic range is a function of 
the current, resistance and time involved. When the 
electrode force is increased, thereby decreasing the con 
tact resistance, it is natural to assume that the current 
must be raised; however, in crossed-wire welding the 
heat required for pushing the wires togethér is controlled 
by the resistance offered by the bodies of the wires in 
volved rather than the contact resistance and this com 
ponent of the work resistance is not affected by the elec- 
trode force. Whether fusion takes place when the con- 
tact resistance is reduced and the current remains con 
stant depends upon whether the summation of heat gen- 
erated in the bodies and at the surface is sufficient to 
raise the temperature of the metal to a bonding value. 
If the heat generated within the body is sufficient to pro- 
duce welding temperature, fusion will occur even though 
the contact resistance is approaching zero; however, if 
the heat in the bodies is not sufficient to produce the re- 
quired temperature, the electrode force must be reduced 
until the contact resistance is great enough to overcome 
this deficiency. It must be remembered that the current 
cannot be raised in order to accomplish this purpose due 
to the fact that this would cause added heat in the bodies 
which would result in a greater per cent setdown. 

The above analysis explains evidence indicating that 
electrode forces greater than the minimum required for a 
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given level of appearance can be used without 
mental effect upon strength where 50[% setdown 
complished while a similar increase in electrode {. 
the case of 159% setdown results in a decrease in st; 

Electrode Force.—The appearance of crossed-wir: , 
is a function of the electrode force, the magnitude of th, 


force controlling the resistance between the work sy; 
faces and thereby the heat generated at this point. Lac! 


of sufficient force causes an undue amount of heat 


ing in severe spitting and a nonuniform expulsi 


metal. 


The accompanying graphs will show the variat 
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Figs. 28, 29 and 30—Relation of Required Schedules for Sat: 
factory Appearance and Resulting Breaking Load to Welding 
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electr de force with time where the end result is a crossed- 
wire weld of satisfactory appearance. It will be noted 
that these curves approach the hyperbola in shape with 
the required force approaching infinity with too short a 
velding time. 

Variation in the per cent setdown with a given weld 
«hedule was found to increase as the electrode force was 
iecreased utitil it was almost impossible to maintain a 
viven dimension when extremely low electrode forces 
vere used. 

[he effect of electrode force upon strength is depend- 
ent upon the welding time, wire diameter and per cent 
¢tdown involved. It was found in all cases that as the 
welding time became shorter it was not possible to obtain 
welds of high strength at electrode forces sufficiently 
high to produce satisfactory appearance. The range over 
which satisfactory appearance and maximum strength 
were coincident became greater both with an increase in 
ver cent setdown and with an increase in wire diameter; 
further it was noted that the electrode force could be in- 
creased over the minimum value for satisfactory appear- 
uce to a greater extent when welding heavy stock or 
lighter stock at a greater per cent setdown without an 
iccompanying decrease in weld strength. 

Breaking Load.—The breaking load, determined as 
previously explained, was found to be reasonably con- 
sistent and not affected greatly by a small change in any 
one of the welding variables over a large range. This 
should not lead to the conclusion that welding variables 
can be chosen at random; an example of the serious ef- 
fect of attempting to weld at too short a time is shown in 
Fig.8. In addition to the loss of average strength shown 
on the curve inconsistencies in strength were encoun- 
tered. A similar effect will result when the electrode 
force is too high or too low. 

When comparing the weld strength of welds in a given 
diameter wire at the various percentages of setdown in- 
vestigated it will be noted (Figs. 7, 8 and 9, for example) 
that a much greater change in strength occurs between 
(5 and 30% than between 30 and 50%. 




























Low-Carbon Hot-Drawn (Basic) Steel Wire 


Appearance—The same general relationship between 
electrode force and appearance was found to exist when 
welding hot-drawn low-carbon steel wire as was noted in 
welding cold-drawn low-carbon steel wire. Appearance 
levels were very much alike and occurred at the same 
electrode forces where other conditions were equal. 
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Fig. 31—Recommended Weld Time for Crossed-Wire Welds in 
Cold-Drawn or Hot-Drawn (Basic) Low-Carbon Steel 
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Data.—Graphical representation of the data accumu- 
lated while welding hot-drawn low-carbon steel wire is 
shown in Figs. 24 to 30, inclusive. This group of curves 
is based upon the minimum electrode force which will 
result in a satisfactory appearance (note weld 5, Fig. 3). 

Welding Time.—Maximum strength and satisfactory 
appearance were found to be coincident over a greater 
range of welding time than was true when welding cold- 
drawn low-carbon steel. However, welds at relatively 
short weld time had a tendency to brittleness and frac 
tured at lower than maximum strength values. 

Welding Current.—The required welding current was 
found to be a function of the welding time, being prac 
tically constant over a wide range of electrode force when 
the time and per cent setdown were fixed (as was true 
when welding cold-drawn low-carbon steel wire). The 
magnitude of the required current was found to be 
slightly greater than that measured when welding cold 
drawn low-carbon steel wire. 

The need for more current in welding hot-drawn low 
carbon steel may be attributed to the lower resistance 
presented by this material. That the resistance was 
lower is evidenced by the fact that the greater current 
used was obtainable at a lower secondary voltage than 
was necessary for the same schedule when welding cold- 
drawn low-carbon steel wire with a lesser current. 

Electrode Force.—The electrode force necessary for ob 
taining satisfactory appearance when welding hot-drawn 
low-carbon steel wire was found to be the same as that 
required for cold-drawn low-carbon steel wire when other 
conditions were equal. 

Breaking Load.—The measured loading required for 
fracturing welds in hot-drawn low-carbon steel wire was 
found to be considerably lower than was necessary for 
fracturing welds in cold-drawn low-carbon steel wire, as 
would be expected due to the difference in the ultimate 
strengths of the parent metals (note Table 1). 

Measured breaking loads were found to be more con- 
sistent both from weld to weld at the same schedule and 
between groups Of welds made at different schedules 
than was found for low-carbon cold-drawn steel wire. 


Conclusions 


l. Satisfactory appearance can be obtained without 
loss of strength by the proper selection of welding vari- 
ables. 
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2. The weld time is the most important variable; 
the welding current and electrode force required being 
dependent upon the choice of weld time. 

3. The welding current is practically coristant over a 
large range of electrode force, other factors remaining 
constant. 

4. Cold-drawn and hot-drawn (basic) low-carbon 
steel wire require the same electrode force for satisfac- 
tory appearing crossed-wire welds where other variables 
are fixed. 

5. The welding currents for crossed-wire welds in hot 
drawn (basic) low-carbon steel wire are slightly higher 
than those encountered when welding cold-drawn low 
carbon steel wire. 

6. Crossed-wire welds in cold-drawn low-carbon 
steel wire have greater strength than their equivalent 
in hot-drawn (basic) low-carbon steel wire. 

7. No great strength advantage is gained by setting 
wires together more than 30%. 


APPENDIX 


Recommended Schedules ° 


The choice of welding variables becomes a problem ot 
economic factors. It is the writer’s opinion that the 
choice of variables should be such that maximum 
strength, together with good appearance, can be de- 
veloped using a minimum length of weld time and mini 
mum weld force. This selection should be tempered by 
judgment where the use of the minimum time would ne- 
cessitate values occurring on the steeper slopes of the 
force and current curves and so become relatively critical 
schedules. For example, although evidence indicates 
that welds of maximum strength could be obtained in 
'/,in. wire at 30% setdown at 10 to 15 cycles, the 
writer would consider 20 to 25 cycles a better choice due 
to the rapid rise of required electrode force at the shorter 
time. This opinion is based upon the fact that welds 
made at the shorter time will not be consistent unless 
greater than normal control in production is exercised. 
With all of these considerations in mind, the writer 
chooses the schedules shown in Table 2. It will be noted 


Table 








2—Recommended Schedules 





that the same welding time has been chosen for 
cent setdowns in a given diameter and that the we! 


and electrode force are the same for both cold-dray 


hot-drawn (bright basic) low-carbon steel. 

As an example of the procedure followed in det 
ing the values tabulated in Table 2, note Figs 
and 12. The straight portion of the strength cu 
15% setdown, Fig. 10, extends from 23 cycles 
cycles. The writer chose 23 cycles because sched 
shorter time duration indicated considerable 


strength values. Figures 11 and 12 indicate th 


30 and 50% setdown a shorter weld time could bx 
however, an examination of the electrode force « 
same figures, show them to be relatively steep at 
shorter welding times and for this reason th« 
chose the same welding time as had been pri 
chosen for 15% setdown. 


Having determined the most desirable weldin: 


the electrode force and welding current were fixed 
assumed conditions of appearance and setdown 


Proposal for Future Investigation of the Resistanc 


Welding of Crossed Wires 






Che previously described investigation dealt wit 
resistance welding of crossed wires between the limit 


l 


gs and '/» in. diameter; where single welds of 





diameter wire were welded together and where r 


mended schedules were determined for producing 
of adequate strength and satisfactory appearanc: 
Due to the number of applications in this field 


require the welding of smaller diameter wires, wir 


unequal diameter and multiple welds with many 
tions, it is desirable to continue this investigation 


a program should include part or all of the foll 


points: 


|. Welding wires of '/,s-in. diameter together. 
) 


the final diameter at the weld is equal 
diameter of one wire (100% setdown). 
t. Multiple welds. 











Wire Cold-Drawn Low-Carbon Steel Hot-Drawn (Basic) Low-Carbon, Steel 
Diam., Time, Electrode Current, Strength, Time, Electrode Current, Strength 
In Cycles Force, Lb. Amp. Lb Cycles Force, Lb. Amp Lb 
15% Setdown 15% Setdown 
I/s 10 125 1,800 975 10 125 1,850 750 
3/16 17 360 3,300 2.000 17 360 3,500 1,500 
l/, 23 580 4,500 3,700 93 580 1.900 2 800 
"/ 16 30 825 6,200 5,100 30 825 6,600 4,600 
40 1100 7,400 6,700 40 1100 7,700 6,200 
7/16 50 1400 9,300 9,600 50 1400 10,000 8,800 
1/, 60 1700 10,300 12 200 60 1700 11,000 11,500 
30% Setdown 30% Setdown 
i/s 10 260 2,650 1,125 10 260 2,770 850 
*/ x8 17 600 5,000 2,400 17 600 5,100 1,700 
/, 93 850 6,700 4,200 93 850 7,100 3,000 
9/16 30 1450 9,300 6,100 30 1450 9,600 5,000 
3/, 40 2060 11,300 8,350 40 2060 11,800 6,800 
t/; 50 2900 13,800 11,300 50 2900 14,000 9,600 
i 60 3400 15,800 13,600 60 3400 16,500 12,400 
50% Setdown 50% Setdown 
i/, 10 350 3,400 1,250 10 350 3,500 900 
5/16 17 750 6,000 2,500 17 750 6,300 1,800 
1/, 23 1240 8,600 4,400 23 1240 9,000 3,100 
5/16 30 2000 11,400 6,500 30 2000 12,000 5,300 
3/s 40 3000 14,400 8,800 40 3000 14,900 7,200 
7/16 50 4450 17,400 11,900 50 4450 18,000 10,200 
I/s 60 5300 21,000 14,600 60 5300 22,000 13,000 
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Single welds using wires of unequal diameter 
3. Single welds using wires of equal diameter w! 
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velding Wares of '/-In. Diameter Together 


fhe attached graphs, Figs. 31 to 36, showing the recom- 
mended schedules for welding wires of greater diameter, 
have been extended to provide data for the initiation of 
this project. No great accuracy is claimed for the ex 
tended portion of these curves; however, they will pro- 
vide sufficiently accurate information to guide investiga 
tors the selection of equipment and determining a 
starting point. 

\lthough previous data were concerned with schedules 
which produced welds having a predetermined appear- 
ince, it will in all probability be found that recommended 
schedules for '/y-in. diam. wire must be based wholly 
n strength due to the small amount of extruded metal 
involved. It appears to the writer that the volume of 
displaced metal will be so small as to render it impossible 
is it was in the case of '/s-in. diam. wire, set down 
\>) to distinguish appearance levels without the aid of 
, microscope and that appearance levels determined in 
this manner will have no practical significance. 

he writer would recommend that the investigation of 
this subject be confined to multiple welds rather than 
single ones. This opinion is based upon the fact that it 
s difficult to obtain and accurately vary electrode forces 
of the low magnitude required and that the welding of 
in. diam. wire is nearly always done in multiple. 
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Fig. 33—Recommended Welding Current for Crossed-Wire 
Welds in Hot-Drawn (Basic) Low-Carbon Steel 
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Fig. 34—Recommended Electrode Force for Crossed-Wire 
Welds in Cold-Drawn or Hot-Drawn (Basic) Low-Carbon Steel 
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RESISTANCE WELDING CROSSED WIRES 





Single Welds Using Wires of Unequal Diameter 


The per cent setdown and the variable dimensions of 
the jig for breaking welding specimens previously de 
scribed (Fig. 2) should be based upon the wire having 
the smaller diameter. This procedure will lead to a 
minimum of distortion, thus providing breaking load 
data more nearly coincident with the absolute tensile 
strength. 

It is the writer’s opinion that the electrode force, weld 
ing current and welding time required for welds of this 
type will be approximately the same as those required 
for the same per cent setdown using two wires of the 
smaller diameter. For this reason it would be recom- 
mended that any such investigation be started using data 
taken from the original investigation. 


Single Welds of Equal Diameter Wires Set Together 100% 

As it was found that the welding time remains con- 
stant for wires of equal diameter regardless of per cent 
setdown, in the original investigation concerning wires 
setdown 50% or less, the writer would recommend the 
initiation of a program concerning 100°) setdown welds 
using the weld times as indicated in Fig. 31. 

From an economic viewpoint the electrode force re 
quired for satisfactory appearance, at the weld time indi 
cated by Fig. 31, when setting wires together 100°, may 
demand a machine with a purchase price not justifiable 
for many applications of this type. In consideration of 
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Fig. 35—-Approximate Strengths for Crossed-Wire 
Cold-Drawn Low-Carbon Steel 
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Fig. 36—Approximate Strengths for Crossed-Wire Welds in 
Hot-Drawn (Basic) Low-Carbon Steel 
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this point it would be well to consider this problem from 
two basic approaches: 





1. Data to be obtained using the recommended time 
as found in the original investigation, or finding 
this time inadequate for the desired results 
(high strength welds and satisfactory appear- 
ance) with the shortest welding time required 
for producing the desired results. 

2. Welding schedules based upon electrode forces ob- 
tainable in smaller machines. Such a procedure 
would lead to longer welding time and in the 
case of the heavier diameter wires necessitate 
the use of pulsation welding. 













Some difficulties may be encountered in obtaining a 
final weld diameter equal to the diameter of one weld. 
It has been the writer’s experience in welding !/>-in. 
diam. wire that it is not possible to set down 100% 
completely without considerable distortion of the parent 
metal. In order to circumvent this distortion many ap 
plications are so designed that the final diameter is not 
quite as small as the diameter of one wire. The writer 










would suggest that this practice be followed and t}.,t 4) 
limit be placed at 90% rather than 100% setdow 


Multiple Welds 


It is the writer’s opinion that the data accumula, 
in the original investigation concerning singl 
may be used for determining schedules involving ny 
ple welds. To obtain the schedule for a given aj)pjj 
tion, the welding current and electrode force show 
single weld may be multiplied by the number ot 
required while the welding time shown will rem 
same. In order to conserve time and money thx 
would recommend that an attempt be made to s1 
tiate this theory before undertaking any further i 
gation. 

















Suggestions for Writing 
Papers for Publication 
in 
The Welding Journal 


How to Plan a Paper 


APERS should be on subjects interesting to engi 

neers, operators and executives in the welding in 

dustry. They should give new facts, new methods, 
experimental results or important conclusions about 
design, technique, jigs, fixtures, construction, operation 
or maintenance. 

““Remember the reader!’ The purpose of a paper is to 
convey the author’s ideas to the reader. This is done 
with words, and is most effective when done simply and 
concisely. Readers’ understanding may be helped greatly 
by the correct use of understandable words. The author 
should have clearly in mind what he wants to say before 
starting his paper. Then he should begin where his story 
begins; tell his story in simple, straightforward style and 
in logical order; stop when it has been told. 

A good advance plan will make writing easier. A sim 
ple procedure that works is to make an outline of the pa 
per, like a table of contents, using headings for the main 
divisions and subheadings to cover subdivisions. This 
helps arrange the ideas in logical order. Then, to write 
the paper, fill in the suitable material under each heading. 

Another method is to write on cards. Sort the cards 
into proper sequence. Then the thoughts on the cards 
can be expanded into paragraphs expressing fully your 
ideas. 
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A third method is to write all that you know on t b 
subject regardless of proper order or sequence; then % 
clip and paste this rough draft until your thoughts ar \ion 
order. Then eliminate all irrelevant matter. sins 
The value of short, precise copy cannot be overemph weld 
sized. It conveys the author’s ideas to the reader in the a ¢ 
most efficient manner, and also minimizes the length om 
JOURNAL papers. An article that is too long may b ‘abr 
jected, or the author may be asked to shorten it ess 
Length he 
Papers should be as short as possible without omitting In s 
useful, interesting information. Many papers suffer hoi 
clarity from too many words, or from words that ar higl 
long or too indefinite V 
op 
Manuscript and Drawings a 
Manuscripts should be typed, double spaced, on on 
|l-in. white paper, with any tables, charts or drawing sily 
separate sheets. tha 
For printing, all drawings and charts must be clear a 
sharp, completely lettered, and drawn in India ink on ie 
standard tracing cloth. Photostats and blueprints w) ye 
not do. Photographs should be clear, distinct, gloss 
prints. oe 
Curves on cross-section paper should be traced in b! ‘a 
ink, preferably on tracing cloth, with all but the maj) 
(half-inch) cross-section lines omitted. The weight ji 
lines used on curve sheets should be such as to provide th 
graduation between the actual curves, the outline and th i. 
cross-section lines. Wherever possible, several curv’ bn 
should be combined in one drawing. - 
Cross-section lines should not be drawn through let' 
ing. Lettering should be large and open, drawn w'' ( 


relatively thin lines. 
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Copper has long been the choice of engineers 
for corrosion or where high heat transfer are the 
controlling factors: however, copper has re- 
mained one of the most difficult metals to weld. 
This paper is being presented to propose not 
only a solution to this problem, but to attempt to 
explain through a related series of experiments, 
carried out under shop conditions, that copper 
can be successfully welded to copper acceptable 
to the ASME Code. 

In addition to this Code, Industry requires a 
99% pure copper weld to withstand service cor- 
rosion conditions. 











The Welding of Copper 


NTEEL, aluminum, stainless steel, Monel have all 
yielded to the technique of the welding engineer 
\ J Steel welded to steel; aluminum to aluminum; 
\fonel to Monel, etc.; until the welder’s rod was tried 
using copper. Here the usual techniques failed. The 
welding of copper to copper became a major problem 
in the research laboratories of the copper and brass 
companies as well as in the shops and laboratories of 
iabricating companies supplying coils, pipe and pressure 
vessels to the oil, food and chemical industries. 

Why was there such difficulty with the welding of 
opper one of the oldest and most abundant metals’ 
In spite of its resistance to welding it remains the first 
choice for fabricating units where high corrosion and 
high heat transfer are necessary. 

Welding engineers finding no method of using a pure 
copper weld that would approach the A.S.M.E. stand 
irds to a substitute—bronze and silver brazing. This 
proved acceptable in more than 50% of the cases, but in 
other cases it was an impractical one. Both bronze and 
silver corrode at a higher rate under certain conditions 
than does copper and where the chemical process taking 
place within the copper unit is highly corrosive the 
joints which have been brazed are attacked and break 
own while the copper vessel itself remains intact. 

To find the correct technique to produce a pure copper 
weld became of prime importance and research was begun 
in July 1946. 

This paper is being presented to propose not only a 
solution to this problem but to attempt to explain 
through a related series of experiments carried out under 
shop conditions that copper can be successfully welded 
to copper with a technique acceptable to the A.S.M.E 
code and meeting the requirements of industry. 

Case 934 in the A.S.M.E. Unfired Pressure Vessel 
Code states the physical requirements for copper welding. 
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‘The elongation as determined by the free-bend test be 
not less than 30% for Paragraph U-69{ and not less than 
20% for Paragraph U-70§ construction. Table U-3** 
values shall be applied for allowable working stress 
A minimum tensile strength of 30,000 psi. with joint 
efficiency of 80% for Paragraph U-69.”’ 

In addition to the Code, industry requires a 99%, pure 
copper weld to withstand service corrosive conditions. 

These then were the essential requirements which must 
be met if the problem were to be solved. 

The need for copper welding, the economy of copper 
welding and the future for this type of work is also 
covered in this report. 


Welding Research in Deoxidized Copper 


To weld copper with a pure copper weld rod two forces 
were always confronting the operator, the high heat 
conductivity of copper and the forming of copper oxides 
in the molten pool. These forces have prevented the 
successful welding of pure copper into strong ductile 
welds because the usual methods of welding did not 
offer means for their complete control. Copper is second 
only to silver in heat conductivity which accounts for 
the difficulty in maintaining the molten pool. Molten 
copper combines with the oxygen in the surrounding 
atmosphere so rapidly that the fluxes available did not 
protect the metal sufficiently to prevent the forming 
of copper oxides. These oxides not only form gas pockets 
in the weld but cause embrittlement and greatly reduce 
the ductility of the metal. The oxyacetylene method of 
welding copper was able to produce enough heat to 
control the high heat transfer, but the oxygen in the 
flame together with the surrounding atmosphere formed 
more copper oxides then the flux was capable of handling 

The carbon arc method also was successful in con 
trolling the heat transfer and with greater ease than the 
oxyacetylene process, but carbon was deposited in the 
weld which resulted in embrittlement 

Further experiments using the metallic arc process 
produced the same quality welds. The metallic arc 
was so unstable that the rod coating was unable to shield 
the arc, and poor control resulted. A second method 
using the metallic arc with a high preheat of approxi- 
mately 900° F. and fluxing the plate before welding pro- 
duced a stronger weld than the previous test but it still 
lacked ductility. The physical properties of copper 
have always been improved by cold working the metal, 
and the remainder of this last test plate was hammered 
to produce the finer grains necessary to produce this 
refinement would be impracticable in a pressure vessel 
with longitudinal seams and girth seams. To gain full 
control of the welding technique a more perfect flux or 
rod coating was needed with the metallic arc process 

U 69, Butt-Welded Joints. 


§ U-70, Lap-Welded Joints 
** Table U-3, Material Strength and Allowable Stress Tabl« 






















Fig. | 


Welding Copper with Automatic Copper Electrode and 
Argon Gas Shield 


lo analy ze the function of rod coatings and fluxes, 
the study of the metallurgy of welding seemed to give the 
greater promise of solving this problem. No matter 
what is used for a flux its purpose is to offer a shield to 
the molten pool from the oxidizing action of the atmos 
phere around the weld. This shield is usually a gas 
produced by the coating on the rod and the slag floating 
on the weld pool. If a gas could protect the pool as the 
weld rod was added the copper oxides could be con 
trolled. Argon gas will not combine with any known 
elements and it is commercially produced; therefore, a 
welding procedure using argon as a shield with the 
metallic are process was tried. This proved very difficult 
for hand welding because of the complex arrangement 
necessary to feed the gas shield around the are as the 
electrode melted off (Fig. 1). 

It was solved, however, with the use of automatic 
equipment. The automatic electrode feed control fed 
pure copper rod through the head and contact jaws, and 
argon gas was directed around the electrode at the arc 
Che test plate was */s in. thick, the electrode */, in. in 
diameter pufe copper rod. The action of the are was 
violent and very difficult to maintain. When the elec 
trode was fed relatively fast to hold a short arc, freezing 
resulted. When the electrode was fed slower, a long arc 
resulted with a violent pool and much splattering 
Several different tests were run to gain control of the arc 
The angle of the electrode was changed so that the arc 
had a gouging action on the plate, but the arc was still 
violent. The angle was reversed to produce a whipping 
action with the result that the electrode did not freeze 
but was still uncontrolled. After exhaustive tests on 
procedure control, using this method of feeding the 
electrode through an argon gas shield, it was decided to 
use a tungsten electrode, and feed the pure copper 
filler rod by hand. 

Using tungsten which was not to become part of weld 
deposit, it was necessary to consider the electrical forces 
that flow in a welding circuit. When the electrode is 
deposited in the weld pool, ‘‘reverse polarity’ is used: 
that is, the electrode is connected to the positive pole 
and the plate is connected to the negative pole of the 





generator. In this circuit the electrons flow fr 
plate to the electrode causing it to heat and n 
Using a tungsten electrode the reverse action is r 
not to melt off the electrode; therefore, the electr: 
connected to the negative pole, and the plate to t! 
tive pole of the generator or “‘straight polarity.’’ 

The tungsten electrode was held in a special holder 
which was built to allow the argon gas to flow aro 
electrode and arc (Fig. 2). The base metal w 
heated to about 600° F., and this test plate prove 
than any produced so far. A second test plate w 
with this same technique, except that a preheat « 
red of about 1000° F. was used, and the operator 
trouble maintaining control of the arc. The 
pool was smooth and quiet with no evidences 
pockets while welding. The X-ray test of thi 
proved the weld was sound and of good quality 
bars and a tensile bar were then cut from the pl 
the following results 











































































Reduced tensile 15,000 psi 
Free bend Failed 90 
Root bend Failed 60 








Che balance of the test plate was cold worked b 
mering. This cold work improved the physical 
teristics but the results were not up to code sta: 
The conclusion drawn from this test was that tl 
gas shield with tungsten electrode proved to be 
method for welding copper, but better filler ro 
needed. 






















Metallurgical studies were made to find 
alloy rod that would produce a 99% 
deposit. From these 





pure coppe 


alloying el 





studies a few 





were found to improve the c ypper physical chara 
Silver, tin, manganese and silicon all added 
qualities to copper and would combine readily wit! 
A 1% silver bearing copper rod is available « 
cially and this was to be the first step toward imp: 
The test plate was 









the weld deposits. sin. thicl 



























Fig. 2—-Welding Copper with Tungsten Electrode and A 
Gas Shield. Copper Filler Metal Added at Angle to ! 
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Fig. 3—Radiograph of */;-In. Copper Plate 


ingle bevel of 90° included angle with a back-up strip 
fcopper. The filler rod was */,. in. in diameter which 
oroduced the following results: 
Reduced tensile 
within 4 in. 
Free bend—180 
corner fissures. 
Nick break—-very fine crystal structure. 
he balance of this test plate was cold worked by 
lammering, and tests were made with the following 


re sults 


20,000 psi. with 6.3% % elongation 


20% elongation with small 


Reduced tensile—29,700 psi. with 2.3° 
within 4 in. 

Free bend—20.8°;, elongation with small surface 

fissures. 

4. Nick break 


rhis filler metal with 1°% silver improved the weld 
ibility of the copper and improved the physical charac 
teristics of the metal. A chemical analysis of the weld 
deposit is as follows: copper, 98.79%); silver, 0.91% and 
phosphorus, none. 

A small amount of impurities in the copper caused 
a chemical change under the action of the metallic ar« 
which accounts for the 98.79%. 

Considering the favorable action silicon and man 
ganese have with copper and the strength gained by a 
small addition of tin, it was decided to use a filler rod of 
99% copper with silicon, tin and manganese. Such 
a rod is produced commercially. The third test was run 
using the alloy rod on */s-in. thick plate with a preheat 
f 1000° F. and the inert gas shield with a tungsten elec- 
trode. The performance of this alloy rod was very 
smooth and quiet under the action of the arc. Current 
values for this plate were in the range of 350 to 400 amp. 
with a */,s-in. tungsten electrode. The welding groove 
was machined to a 90°-included angle with a copper 


© elongation 


very fine grain with fine dentrites. 


Fig. 4—*/,-In. Thick Copper Plate and Test Bars 


aa 
Fig. 5 


ee .. . 
Deoxidized Copper Plate. x 75 


back-up, and the plate was slightly inclined to keep th« 
molten pool from the front edge of the electrode Phe 
electrode was directed forward to an angle of about 10 
resulting in a “‘Forehand’’ technique of welding: that is 
the arc was pointed in the same direction that the weldin;s 
progressed. The weld was deposited in one-pass making 
an overlay of about '/,.-in. high with no undercuts 
When the radiographs were read the weld proved to be 
sound and clear of all defects (see Fig. 3 Physica 
test samples were taken from this plate with the following 
results: 


Reduced tensile 

a) 30,000 psi. with 26.7% 
section. 

b) 30,500 psi. with 35.2% elongation in‘a 4-in 
section. 

Free bend—32.3° elongation in the outer fibers 

Root bend—30.7% elongation in the outer fiber 

Face bend in jig—180° with no failure 

Nick break—sound weld with no gas pocke 


elongation in a 4-u 
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Fig. 6—Deoxidized Copper Weld 
Gas Shield Procedure. 


Weld Zone. xX 75 
D.-C. Straight Polarity 


COPPER PRESSURE VESSELS 











Fig. 7—Deoxidized Copper. Heat Zoneof Weld. x 75. Inert 
Gas Shield Procedure. Rod No. 372. D.-C. Straight Polarity 


6. X-ray—tradiograph showed sound weld deposit 
as seen in Fig. 3. ? 
Chemical analysis of weld deposit: copper, 99.16%, 
tin, 0.41%, manganese, 0.09°% and _ silicon, 
0.10%. 


hese data show that the code requirements were met 
as well as the industrial service requirements. 

A review of the welding procedure will disclose many 
techniques common as a whole only to copper. When 
this research was undertaken, multiple pass welding was 
naturally tried because of its success in welding other 
metals. Each test run proved that if the entire weld 
deposit could be put down in one pass there would be 
less annealing effect on the underpasses. Also the pre- 


heat necessary to weld smooth and sound was in the 


1000° F. range; in addition it would be more economical 
to weld in one pass because less preheat gas would be 
used. «The welding groove had to be a single vee type 
for two reasons. First, to make the weld in one pass 
was desired; second, copper upon being heated to the 
melting point does not have a plastic range. It goes 
through the critical point from solid to liquid at one 
temperature; thus, necessitating the use of a back-up 
strip of copper to support the molten metal at the bottom 


Fig. 8—Electrolytic Copper Plate. 75 
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xX 7. 
Inert Gas Shield Procedure. 
Straight Polarity 


Plate—-Heat Zone and 
Rod No. 372. Dc 


Fig. 9—Electrolytic Copper. 
Weld. 


of the groove. The shape of the welding grtove js 
controlled by the orifice of the gas shield around the 
tungsten electrode. On plates up to '/» in. thick a single 
vee groove of 90°-included angle was used. On heavier 
plates a ‘‘U”’ groove was recommended in order that th 
electrode may fuse the bottom and minimize the amount 
of filler rod to be deposited. To keep the puddle from 
running in front of the electrode the plate was slighth 
inclined to about 5 to 10° to the horizontal plane. Be 
cause of the high preheat, presetting of the plates to allow 
for warping was not necessary. It may be also stated 
that with the inert gas-shield process there was a mini 
mum of warping with all the test plates made. 

The tungsten electrode was checked very closely fo 
burn-off. The action was much the same as in the 
atomic hydrogen process, a vaporization took place 
This vaporization was found to be controlled by the 
temperature the electrode was permitted to reach. Wit! 
preheats of 1000° F. and amperages up in the 400 range 
the life of the electrode became a major problem. | 





< 75. Weld Zone. Inert Gas 
372. D.-C. Straight Polarity 


Fig. 10—Electrolytic Copper. 
Shield Procedure. Rod No. 
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vercole this condition the electrode holder was com Che following table gives the critical data for this 
pletely jacketed and water circulated to carry off the welding procedure as filed with the A.S.M.E. Code. 

eat Two chucks were used to hold the electrode to 
positive electrical contact. Without the double 
huck the heat made a poor contact and further generated 
[he cooling water not only carried the heat 
wav, but also kept the incoming argon gas cool. The 































ooled gas entering the electrode zone helped to keep 
the heat down on the metal, and gave a more perfect 










chield from the gases of the atmosphere. After improv 
ng the electrode holder to this point the burn-off was % 
snall enough that there was no balling of metal on the 


of the electrode and little vaporization. PL =e 
When the test plate was completed that gave these reich ee 
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excellent results (Figs. 3-7), a procedure was written and ness, ‘cee Liters Rod Current, 
experiments were made on copper material from '/,-in. In In Min. Diam., In Amp Passes 
thick plate up to ° s-in. thick. All these tests proved , 6 l/, 200 ’ 
satisfactory and the procedure was filed and approved Ol 300 
bv the A.S.M.E. Unfired Pressure Vessel Code to Case ‘ 7 “ A ; 4 ; 
4 ’ 3/16 s 4 100 
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Fig. 1l—Electrolytic Copper. 75. Plate and Heat Zone of 


Weld. Inert Gas Shield Procedure. Rod. No. 372. A.-C. Fig. 13—Electrolytic Copper. X 75. Weld Zone. Inert Gas 


with High Voltage Shield Procedure. Rod No. 372. A.-C. with High Voltage 
Note Lined Up Oxides 
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> Fig. 12—Electrolytic Copper. < 75. Weld Zone. Inert Gas 
ty Shield Procedure. Rod No. 372. A.-C. with High Voltage Fig. 14—Electrolytic Copper. < 500. Oxides in Weld Zone 
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Economy in Fabrication 





In the fabrication of both copper pipe and 
coils the inert gas-shield method of welding cop) er }, 
already proved economical as well as time-savii 
further this proof a specific case was used. Dur 
bending of a 6-in. extra heavy copper pipe for a 
offset expansion ‘‘U”’ bend the wall cracked in maki 
the final offset bend. This meant replacement of t), 
pipe with a material cost alone of $203.87, and wai 
six months for delivery. If permission would be ¢g: nted 
to repair this crack by welding, time, money and sery; 
would be saved. The insurance company coverin; 
installation approved the inert gas-shield metho: 
that procedure was acceptable to the A.S.M.E. Cod 

Before making the repair, drillings were taken ar 
the crack to check the pipe analysis, and prove thy 
terial was pure copper (see Fig. 16). The crack 
chipped clean and a back-up piece of copper was pla 
inside the pipe for support. The pipe was weld 
cessfully and tested hydrostatically. Figure 17 
the repair ground smooth and ready for service. 1 
cost of repairing amounted to $12.50. The only ti 
lost was in correspondence between the insurance c 
pany and customer. The saving in dollars amount 
to the material cost of replacement minus the repair « 
or $191.37 plus the labor already spent in making t 
Research in Electrolytic Copper bend which amounted to $65.00. This resulted 
total saving of $256.37. 

Considering a second example of how this process y 
prove its economy and lengthen the service life, a cop; 
helical coil made of 3-in. extra heavy deoxidized copp 
pipe is to be copper welded (see Fig. 18). The 
parison of the cost and time element involved in 
brazing of the copper coil (the former method of fabri 
ing) and the welding of the same copper coil will dem 
strate the economy of this new method of copper weldi: 

The service conditions are very corrosive and th« 
are replaced almost annually. Copper welding was fu 
attempted on this type of coil years ago with thi 





Fig. 15—Electrolytic Copper. x 500. Oxideg in Weld Zone 










In handling the engineering of copper vessels, there was 
always the question of being able to buy the copper and 
the delivery date. Deoxidized copper was always speci- 
fied because in the past this was the only type of copper 
that could be welded to any degree of success. De 
oxidized copper is very difficult to purchase in large sheet 
form, but electrolytic copper is comparatively easy. 
This raised the question of the weldability of electrolytic 
copper. 

Two tests were made on electrolytic copper plates of 
s in. and °/s in. thickness. The procedure in welding 
these plates was exactly the same as on the deoxidized 
copper so a true comparison could be made. It was 
found that the welding behaved in a similar fashion to 
the deoxidized material. Radiographs of the test plates 
proved the soundness of these welds. The following 
report is from the actual physical test specimens in the 
°/s-in. thick electrolytic plate: 











l 
















1. Reduced Tensile—30,000 psi. with 36% elongation 
in 2 in. 
Free bend—38.3% elongation with no failure. 












Several tests were made on electrolytic copper with 
varying results. The tensile tests usually were up to 
standard while the bend bars failed in about 50% of the 
time. 

A study of the microstructure disclosed the reason for 
these failures. Electrolytic copper has copper oxides all 
through the structure as shown in Fig. 8. These 
oxides may be large or grouped as shown in Fig. 9. 
If these large oxides are in the weld vicinity the test 
bars will fail. Because these oxides are a natural condi- 
tion in electrolytic copper the welding is not deperidable 
and is therefore not recommended. 

Micrographs of weld metal in both electrolytic and 
deoxidized copper show similar structure which proves 
that sound weld metal is deposited in both cases. Fig- 
ures 8 to 13, inclusive, show electrolytic copper as com- 
pared to deoxidized copper structures. A study of the 
structures will give the conclusion already stated that for 
welding deoxidized copper plate should be used. Fig. 17—6-In. XH Copper Pipe Repaired 
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acetylene and carbon arc process, but both failed on 
hydrostatic testing and physical weld test specimens 
Silver brazing was acceptable to service with a ',»-in. 
thick lead coating for 6-in. on each side of the joint to 
protect the silver from corrosion. Sketch 1 shows a 
sketch of the complete coil with a detail of the silver 
braze joint. This coil was made by driving the pipe 
through a set of pyramid rolls. With the silver braze 
joint it was impossible to do this because of the flare 
on the outside diameter of the pipe; therefore, these 
joints were brazed in the assembled position which was 
costly as well as difficult. 

Using the welding technique it is possible to weld the 
straight pipes and then coil. Figure 19 shows the joint 
used for this process. Shop records show the silver 
brazed joints required 7'/2 hr. and the copper welds re 
quired less than 1 hr. To coil the pipe for silver brazing 
took 8 hr., and to coil continuously after welding takes 
1'/, hr. The following table shows the comparison of 
these labor figures 


Silver Braze, Hr Copper Weld, Hr 
Silver joints 52.5 7 
Coiling. 8.0 1.5 


Total 60.5 1] 


Saved 


This results in a saving of 81°, of time, and a direct 
economy in dollars and labor. The customer also saves 
in that no lead covering is needed to protect the joint 
The life of the coil would also be lengthened because ot 
the copper used throughout. 


Table 1—Shell Comparative Costs 





————— > + ———-4 Size 42 x 120 x !/, In. Thick 
LLL ALA Ls LAL ae r | Procedure 
, ana Material Costs L&O Selling 
~—— ee > ie Material Type Cost and Profit Price 
With Remrod after 2" ~ he Steel $ 110 $197 $ 307 
a . S “ Steel copper lined 400 837 123% 
eI a | ee tee chia rs =) Cc > 77() 520) 1400) 
: - opper 77 63 
\Z ° Stainless 
4 Type 304 SU 685 57 
Z Type 316 1220 680 G00 
4 SSS - Type 347 1070 680 1750 
Ys Md Ww @ MLL. 7 i Silicon-bronze 845 635 1480 
, \ Monel 1050 650 1700 
, \ 
60° >A 
3 XH Copper Seomiess Pipe A third example of the economy and service to which 
Fig. 19 this process may be applied is in the manufacturing of 
pressure vessels using pure copper 
plate (Fig. 20). The practice in the 
past has been to use silicon-bronze 
_ 120° or stainless steel when copper was the 
> CE eee nian eae 2 eeeer eee am | . e ° 
THERMOMETER 3°WATER OUTLET natural material for the service con- 
« COMNEC TION ” — oun . > oan 
panes in net aqition., e Dasic COSst OF silico 
0 sd ' a¢ lition The t t of silicon 


{ with copper plate. 


To compare the actual cost of pres- 
sure vessels made of different metals 
the following table was drawn up 
from production figures. The table 
shows the comparative selling price of 
the same size vessel. 





0 IS"MANAOLE 


CIRCULATION From this table certain pertinent 
facts are brought out. Steel shells 
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bronze or stainless steel or copper 
plate varies slightly, but the life of 
the vessel in service may be unlimited 









































are the most economical to build from both the 
cost of material and fabricating cost. Steel shells with 
copper lining offer good characteristics and are next to 
steel in cost. One fact from service maintenance that 
the table does not show, however, is the servicing of these 
units which has been necessary in some cases. The 
servicing was necessary because of leaks that developed 
in the liner. Copper compares favorably with copper 
lined steel, and the table shows that in comparison with 
the other corrosion resisting metals it is the most eco 
nomical. 

Of the many applications at the present time for this 
new technique of welding copper is the possibility of pre 
fabricating sections of copper piping welded in the shop 
and sent to the field for erection, a method similar to the 
one used for alloy steel pipe. This method assures good 
welds and preliminary testing before erection. 


Continued from page 714 
What a Paper Should Contain 


In general, a good paper will be organized as follows 

l. Title 

2. Introductory summary 

3. Body 

t. Appendixes (if necessary) 

5. References (if necessary) 
Title 

Good titles interest the readers. Titles should consist 
of the minimum number of words necessary to indicate 
accurately the subject of the paper and to make possible 
accurate indexing. Frequently the best title can be cho 
sen after the manuscript is complete. 


Introductory Summary 


A concise digest of the substance of a paper should be 
given in an introductory summary, from which the reader 
can get a clear understanding of what is in the paper. 
The summary should not describe the paper nor give ex 
cerpts from it, but should give a definite idea of its scope, 
method of approach and important conclusions. 


Body 


In general, a clear statement of the problem, an outline 
of the author’s approach and a summary of results should 
make up the body of the paper. Subheadings should be 
used to divide the paper into its important, logical parts. 
Development should proceed in logical, connected order. 
Often the results can be shown best by curves, charts or 
tables. 
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Conclusion 














The imert gas-shield method of welding deoxidiy, 
copper will undoubtedly be used in field operations whjc 
cannot now be foreseen. The food industries, chemjq) 
industries and oil refineries all have shown deep interes, 
in the new method of making sound, strong, dy 
welds to Code standards using copper. There has beg 
enough completed pressure vessels in these industries ; 
prove how much the need is for copper constructio 

With the present knowledge of procedure contro! 
deoxidized copper, there will be more production maki 
it possible to improve and lower even further the presey; 
cost of manufacturing. Experience and research 
undoubtedly make even greater improvements t!] 
known at the present time, and new uses for th 
gas-shield procedure for welding copper will bs 


+;) 





Pictures and tables should illustrate or supplement, not 


duplicate the text matter. 


They should not dupli 
each other. 


A ppendixes 


All extended mathematical treatments shoul 
placed in appendixes with only references in the t 
Detailed explanations of methods should be omitted w 
less necessary to a clear understanding of the paper; the: 
they should be put in appendixes. 
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author in writing the paper, and other helpful, related lit 
erature, a suitable reference list should be given. Reier 
ences should be numbered in order and should includ 
(a) name of author or authors, (b) title of article in qu 
tations, (c) name of publication, (d) volume number, 
page numbers (both opening and closing, to indicat: 
length), (f) year (in parentheses), as: Krefeld, W. J., an 
Ingalls, E. C., “An Investigation of Beams with Butt 
Welded Splices Under Impact Loading,” THE WELDING 
JOURNAL, 26 (7), Research Suppl., 372-s to 400-s (1947 
No reference should be made to unpublished material 
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ing Spiral Flights wi ) 
. «Welding Spiral Flights with Automatic 
oa T Insi Ft. Di 
ITeSen! 
= ractor Inside 4-Ft. Diam. Kiln 
By J. W. Hill* 
HE welding of the spiral flights on the inside of 
rotary kilns or coolers with regular open are hand 
techniques is a difficult, tedious and uncomfort- 
ible job. By engineering a setup for driving a tractor- 
mounted Lincolnweld automatic hidden are welding head 
through a 4-ft. diameter cooler, the C. O. Bartlett & 
Snow Co., at their Cleveland, Ohio, plant, were able, 
iter the proper fixtures and procedures had been worked 
ut, to deposit 100 ft. of weld bead per hour. By weld- 
t. noe Hing with automatic head a considerable saving was ob- 
licat taned over hand welding due to three factors: 
The cramped and unfavorable conditions under 
which hand welding would have had to be done. 
2. Even with the additional men needed to service the 
automatic head in this unusual position the feet 
text of weld per man hour was higher than hand 
ul under normal conditions. 
ther The total elapsed time that the job was on the floor 
was greatly reduced thus permitting the floor to 
be open for following jobs much sooner. 
rhe type rotary kiln on which this technique is used is 
~ illustrated in Fig. 1. This particular kiln is 115 ft. 5 in. 
d Ii long, made up of three flanged shell sections that are 
ele bolted together. The three shells are each made by butt 
mane welding four half-sections both longitudinally and circum- 
qu lerentially. The plate used is -in. thick and the plain 
9 \ butt welds are made with the hidden arc process, using a Fig. 2—The End of the Cooler During Welding Operations 
ne min. diam. wire, 700 amp. and a travel speed of 30 in. Oe iin Ragineaseds by o*¥. a Ne ghee 
ut er minute. with the Floor. Rotation and Forward Motion Are Coordinated 
by Allowing the Thrust of the 1-Ft. Lead on the Flight to Propel 
ey the Tractor 
| i 
I On the inside of the shells, specifications call for a 
flight five inches high, */s-in. thick with a l1-ft. lead. The 
weld joining the flight to the shell must be continuous on 
ron each side. 
vic Because of the large amount of welding called for on 
ac this flight, the possibility of depositing it automatically is 
1 be immediately suggested. The small diameter of the 
cooler and 1-ft. pitch of the flight, however, eliminate 
placing a tractor mounted head sideways in the shell and 
making the fillet welds by rotating the kiln under the 
tractor. The other possibility, driving the tractor longi 
tudinally through the kiln, necessitates coordinating the 
rotation of the kiln with the forward travel of the tractor. 
This problem is solved by disconnecting the drive motor 
Fig. 1—One of Three Flanged Sections of a 115-Ft. Rotary on the tractor and utilizing the forward lead on the flight 
Cooler for the Chemical Industry. Welding of the Inside to provide the thrust to propel the tractor. 
Spiral Flight Involves 3200 Ft. of Continuous Weld Which Is A track approximately 45 ft. long, made by welding 
Veposited by Using a Tractor-Mounted Lincolnweld Automatic angles as shown in Fig. 2, is mounted through the kiln 
Head The top rails are used for carrying the rollers over which 
, nt Superintendent, The C. O. Bartlett & Snow Co., Cleveland, Ohio the welding cables are strung to the head. As the weld 
ER 
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Fig. 3—Tractor Emerging from the Shell as Weld Is Completed. 
Weld That Has Just Been Made Is Seen Directly Above the 
Automatic Head. Rotation for This Weld Is Counterclockwise 


ing progresses through the kiln, a helper pulls the cables 
out ahead of the tractor. The bottom set of rails carries 
the tractor. Adjustment tables are placed at each end of 
the track to permit leveling of the rails. 

The standard head is removed from its standard, rub- 
ber-tired tractor mounting and placed in an especially 
constructed tractor dolly. One pair of wheels of the dolly 
is flanged while directly underneath the head a pair of 
wooden blocks is used in place of wheels. The blocks are 
necessary to afford a certain amount of resistance to the 
forward motion so that the tractor does not run ahead 
and pull away from the joint. The tractor, mounted on 
the rails as it finishes welding one side of the flight, is 
shown in Fig. 3. To make the weld in Fig. 3, the kiln is 
rotated counterclockwise. The weld is being made on 
the side of the flight toward the end of the kiln shown. 

The forward motion of the tractor is supplied by the 
rotation of the kiln and the forward lead on the flight. 
The force is a pushing rather than a pulling force, and the 
arrangement of guides on the head to secure this force is 
shown in Fig.4. The push thrust of the lead on the flight 
is transferred to the tractor through two small rollers on 
the head which ride on the shell and flight immediately 





Editorial Note 


Fig. 4—Tractor Is Shown Here in Position to Make Weld on the 

Other Side of the Flight. Rotation of Shell Will Be Clockwise 

Figure Also Shows the Special Drive Rollers Added to the 

Tractor Head to Transfer Thrust of the Flight to the Tractor 

Standard, Rubber-Tired Wheels Are Replaced with Flanged 
Wheels and Wooden Blocks 


ahead of the electrode. The wheels are set at 
that they also keep the electrode centered in the fille: 
joint. A larger wheel is arranged to ride on the opposit: 
side of the flight from the weld. The large wheel is set 
ahead of the smaller wheels on the leading side of th 
flight so that a clamping effect is achieved. Still anothe: 
wheel, set to ride against the side rail of the track, pr 
vents the side thrust from giving the tractor any sidewa 
movement. 

The drive motor on the shell rolling fixture is relay: 
with the welding circuit so that the operator inside th: 
kiln can start the'operation. The weld is made at 
travel specu of 30 in. per minute using 550 amp. with 3 
v and */,. wire. The flight is welded on both sides. Th 
granular flux used in the hidden arc-welding process is not 
fed through the regular hopper. A pile of flux is placed 
the bottom of the shell on both sides of the flight beu 
welded. As the welding progresses the screw actio1 
the flight keeps feeding the flux ahead. The operator ha: 
only to occasionally brush the flux down as it attempts t 
climb up the side of the shell. Having the flux on both 
sides of the flight prevents burn-through where the fit 
up between the flight and the shell is poor. 


Practical Short Articles for This Section Are Urgently Needed 


—W. Spraragen, Editor 
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Here’s a Fender That Was Reduced to Rust Scale Below the Beading. After Careful Examination, the Body 
Man Decided to Cut Out the Rusted Metal and Put in a Patch 


HAT do you do when a rusted fender job 

You Can Make Rusted \ N comes into the shop? One body shop makes 
good use of its oxyacetylene equipment, as 

Fenders Good as New shown in the illustrations, and turns out a fender as good 
as new. Using his cutting attachment, the body man 

cuts out the rusted section and then cuts a patch from an 


: ° old fender. Then, with his welding blowpipe he heats 
Welding and Cutting Helps and shapes the patch to a perfect fit and welds it in place 
Complete a Tough Job The weld is ground smooth and the fender repainted 


* The Linde Air Products Co., Newark, N. J 


By F. C. Geibig* 


With His Cutting Attachment the Operator Cuts a Metal 
wpipe. The Operator Keeps the Flame Away from the Patch from an Old Fender. Then the Operator Heats and 


-hrome. A Guard (Not Shown) Is Placed Between the Fender Shapes the Patch. Time Spent in Getting a Perfect Fit As 
and Wheel to Protect the Tire from Heat sures a Better Finished Job 


PRACTICAL WELDER AND DESIGNER 





Here the Operator Is Welding the Patch. He Has Already Photographs: Courtesy of Duco-Dulux 1 
Tack Welded It in Place. Careful Attention to Flame Control 
and Blowpipe Manipulation Pays Off with a Strong Weld and You Can't Tell the Difference Between the Repaired Fender and 
No Metal Burn the Original. -After Expert Grinding, Sanding and a Ligh; 
Solder ‘‘Wash,”’ Some Fine Forming Work Was Done Along the 
The result is a strong, good-looking fender. The car Bead Line. After Hand Sanding, It Is Painted and Polish: 


owner is happy and the shop builds a profitable business. 


How to Make Them Last 


By J. E. Dato* 


Increase Life of Farm Equipment Parts by Hard-Facing 


HEN YOU hard-face equipment, such as plow Hard-facing can be a profitable business for your 
shares and corn planter runners, they last more By developing a hard-facing business you can hel; 
than twice as long as untreated parts. This up the slack of those slow seasons. Here are some { 


will save money, time and bother for the farmer. of farm equipment that have been hard-faced. Ti 


farmers in your district about these jobs and wate! 
* The Linde Air Products Co., Kansas City, Mi business grow 


These Cylinder Thresher Teeth Have Threshed Wheat from 
1200 Acres. Notice the Tooth on the Right. It Was Hard- 
Faced and Is Hardly Worn 


The Secret of Long Life for This Plow Sweep Is a Deposit o! 
Haynes Stellite Rod Along the Cutting Edge. It’s Still Good 
After Plowing 900 Acres 
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You Can Make Corn Planter Runners Self-Sharpening by 
Hard-Facing Them on One Side. Runners That Are Hard 
Faced Stay Sharp Longer Than Plain Steel Runners 


Still in Good Condition After Plowing 42 Acres in Severely 
Abrasive Soil. This 14-In. Plow Share Was Hard-Faced with 
Haystellite Tube Rod 
(Right) Drilling Water Wells Is Hard onTools. This Fishtail Bit 
Lasted Much Longer Before Resharpening Because It Was 
Hard-Faced 








Bound Volume 1947 Welding Journal 


A few copies of the bound volume of The Welding Journal for the year 1947 are still available. 
Price $12.50. This volume consists of 1164 pages of The Welding Journal and 752 pages of the 


Research Supplement, a total of 1916 pages. The volume contains a Subject and Authors Index 





and represents a veritable encyclopedia of information on every phase of welding. The research 


section represents nearly a million dollars worth of research. The Journals are bound in attractive 


imitation black leather covers. Orders may be placed with the American Welding Society, 33 
West 39th Street, New York 18, N. Y. 
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HEN welding shops or plant maintenance 
crews repair broken cast-iron pulleys and 
gears, expansion and contraction stresses are 


usually controlled by preheating the entire casting. In 
emergencies or when the casting is too big, a preheating 
furnace may not be practical. Here are some suggestions 
on how you can bronze weld or fusion wel breaks in these 
castings by using your blowpipe flame for preheat. 
Bronze welding is usually recommended because less heat 
is required than for fusion welding. Less heat produces 
less expansion. 


One Spoke Broken 


When a single spoke is broken near the solid hub of a 
pulley, as shown in Fig. 1, the procedure for controlling 
stresses is simple. First vee the break from both sides. 
Then heat -the entire gear with the blowpipe flame. It 
should be just warm enough so you can’t hold your bare 
hand on the gear. Then heat the spoke on each side of 
the broken spoke slightly more than the rest. The rim 
section within the three spokes should also be heated a 
little more. At the same time, gradually heat the area 
at the break until it reaches bronze-welding heat. In 
this way you can make the weld quickly without losing 
the preheat applied to the adjacent spokes. 

When the weld is completed, the adjacent spokes and 
rim section should be reheated slightly until the weld has 
begun to cool. Keep the entire part covered to avoid 
drafts and rapid cooling. 
















* The Linde Air Products Co., Philadelphia, Pa. 


It's Easy to Weld Pulleys and Gears 


By F. F. Mooney* 


This: Article Tells You How to Use Your Blowpipe 
for Preheat 


Several Breaks 


When there are breaks in the rim and spokes, as show 
in Fig. 2, the order of welding is important. After yoy 
vee the breaks properly, make spoke welds “‘A”’ and “B 
in that order. Do not attempt weld “‘B”’ until wel 
‘““A”’ has completely cooled. Apply the preheat the san 
as you would for a break in a single spoke. 

Weld the rim break last. With the blowpipe flam 
heat the adjacent spokes. If the break is about halfway 
between spokes, heat both spokes alike. If the break is 
close to a spoke, give that spoke more heat. Also slight 
heat the spokes on each side of the one near the weld 
Use a jack or wedge bar to help keep the fractured ends 
slightly separated. Do not apply too much heat to th 
rim in the vicinity of the break or you will create pressure 
in the weld. The heating of spokes, plus a slight heat ir 
the rim section, plus some form of jacking will help you 
maintain pitch dimensions. Again, avoid drafts and 
rapid cooling. 


Split-Hub Pulleys 


Spokes of the split-hub type gear or pulley can be r 
paired easily, too. 
way. 


Prepare the fracture in the usual 
Then clamp a stub shaft of the correct diameter in 


the hub. This will prevent distortion of the hub. Then 


carry out the rest of the operation as you would fo 
single spoke break as shown for Fig. 1. 
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Weld A’ Break 








Fig. 1—When a Single Spoke is Fractured 
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Fig. 2—When There Are Breaks in Two 
Spokes and the Rim, Welds Are Made in 
the Order A, B, C. Use a Wedge Bar 
or Jack to Maintain Pitch Dimensions 


Fig. 3—Before Welding Spokes 
Split-Hub Type Gear or Pulley, C 
Stub Shaft of the Correct Diameter ™ 
the Hub. Then Proceed as in Fig. ! 










Near the Hub, Heat the Adjacent Spokes 
and Rim Section. Keep Even Heat in the 
Broken Spoke and Complete the Weld 
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, henae Fig. 1—View of the Road Bridge to the Rupperswil-Auenstein Hydroelectric Plant 
The total span is 273 ft. The roadway is 10'/: ft. wide. The bridge was constructed in the shop in sections 
flame 62 and 103 ft. long. Staging was erected in the water to permit erection. 
alfway 


reak is B . dam is 4'/, miles long, has a surface area of 4.4 square 
lightly T e 0a Tl ge to e miles and provides an average of 10,400 cu. ft. per second. 
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be re- * Translation of ““Pont-Route D’Accés A L’Usine Hydro-Electrique de ~ | pe ° i} | ‘ 
' Rupperswil-Auenstein (Suisse)’’ published in Ossature Métallique, 13 (3) +t the ~ j z- ad ba y 
usual 26-128 (March 1948), by Dr. G. E. Claussen, Chief Metallurgist, Reid # Z j s+ im 4 
Avery Co a . — _ + 4 
ter in ; fe cw sues Sst) V 
Then HE Rupperswil-Auenstein hydroelectric plant on | | y 
for a the Aar River is equipped with two sets of 23,000- a 
kva. generators driven by Kaplan turbines. One a —_ +> 7+—4 
. . 4 
set generates single-phase current (16*/; cycles) for the bs 
state railways. The other generates three-phase (50 — 


— cycles) for the motive power of the Northeast. Construc- Fig. 3—Assembly of Girder and Floor Beam at the Fixed 


tion was begun in March 1942 and the plant was put in Support. Note the Extensive Use of Wide Flange Sections 
service in the autumn of 1945. The lake behind the Cut and Assembled by Welding. Dimensions in Millimeters 
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ye Fig. 2—Elevation and Section of the Rupperswil-Auenstein Bridge. The Two Piers Are Covered with 
ap a Concrete and Serve as Free, Elastic Supports. Dimensions in Meters 


, Appui Fixe, fixed support; Appui Mobile, free support; Rive gauche, Rive droite, left bank, right bank; Joint: 
de Montage, field joints. 
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Fig. 4—Welding Details at the Ends of Cover Plates. These 
Plates Have Been Carefully Rounded at Their Junction with 
the Girder. Dimensions in Millimeters 


Coupe, section; Vue en plan, top view; Meule, ground 
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It was necessary to transport machinery to the plant 
by road. Consequently, a road was built off the main 
continental road to the west from Rupperswil. The road 
is 14.7 feet wide and crosses the canal and the Aar River 
by means of two steel plate girder -bridges with reinforced 


ft. wide with two sidewalks 2.1 ft. wide. 

The canal bridge was built by Wartmann & Co. of 
Brugg (Argovie) and is a few hundred feet from the plant. 
The total span of the bridge is 273 ft. in three sections: 
88, 103 and 82 ft. The bridge was designed on the basis 
of the state ordinance, dated May 14, 1935, concerning 
design and construction of steel structures. 













Fig. 5—Details of Welding the Stiffeners and, at Right, the 
Assembly of Minor Details to the Web of the Girder. Dimen- 
sions in Millimeters 





The Erection of the Bridge. 


concrete piers. The roadway on the bridge is only 10'/: 


The Derrick Is Used to Put in Place a Girder 100 Ft. Long 


The girders of the bridge are 4.6 ft. high and a: 
of two split H sections and a web plate 31.4 x 
thick. The girders are in three lengths: 110, 62 
ft. All welding was done in the shop and the girders Were 
transported by road to the site. The floor beams also 
were shop welded and were attached by rivetin; The 
wind bracing also was riveted. Figures 3 to 5 show some 
of the details of shop assembly. 

The bridge weighs about 355 tons or 4.2 tons per mete 
Of this, 1.1 ton is steel, 3.1 tons is reinforced coneret, 
and asphalt. 

The bridge can carry a tractor with trailer at a s 
of 3.1 miles per hour loaded, for example, with a Kaplan 
wheel weighing 40 tons. 


© made 
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nd 102 


2t 4t 861 14,3 
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\-—279 2,00 111 | «TR 118, 
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Fig. 7—Sketch of the Rolling Loads. 
Loads in Tons. 


(Tractor and Trailer 
Dimensions in Meters 





This type of bridge is rather specialized. The sections 
of girders are over 98 ft. long, are completely sho; 
welded, were transported to the site by road and wer 
assembled in the field by riveting. This bridge provides 
safe passage of very heavy machinery to the power sta 
tion. 
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Conventional welder circuit (left) shows irregular 
current flow, arc “black-outs,” and unbalance (d-c 
component) in the alternations above and below the 
straight zero line. 
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The built-in stability of G-E Type WP Inert-Arc 
welders produces the uniform “balanced-wave” 
current (right below). 
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Originally designed specifically for weld- 
ing aluminum without flux and with VA \A 
minimized radio interference, these Type 
WP Inert-Arc welders have been made 
even better than ever with the incorpora- 
tion of G-E Idlematic control. 


YOU WILL FIND IT EASIER TO OPERATE 

Simply touch the electrode to the work, 
and you’re off to a good weld. Idlematic 
aed control makes it as easy as that! 


Vides YOU CAN MAKE CLEAN STARTS 

r sta Easy striking and reduced tungsten con- 
sumption of the Idlematic Inert-Arc welder 
will save you time and money. Clean welds 
mean fewer rejects. 


YOU GET AN ADDED SAFETY FEATURE 

Accidental discomfort to the operator, 
from the open-circuit voltage of the welding 
transformer, has been eliminated. 
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Want toknow more about savingsin gas con- 
sumption—increased welding speed—better 
bead contour? See your G-E Arc-welding 
Distributor—or mail the coupon below. 
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Yes, mail me cess and 
c pro In welding this sturdy, tubular, aluminum coat rack, the starts have been 


made neatly and easily, producing fine-looking, flux-free beads—thanks to 
the Idlematic control and balanced design of the G-E Inert-Arc welder. 
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“"A-C or D-C... 
SS Re there's G-E Arc-welding Equipment for Every Application! ”’ 
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A.W.S. OFFICERS ELECTED 


Since no other nominations were pre- 
sented in accordance with the By-Laws’ 
provision, the following officers and direc- 
tors will be elected to serve for the year 
1948-49. 

President, G. N. Sieger, President and 
General Manager, S.M.S. Corp., 1165 
Harber Ave., Detroit, Mich. 

First Vice-President, O. B. J. Fraser, 
Assistant Manager, Development & Re- 
search Div., The International Nickel 
Co., 67 Wall St., New York City. 

Second Vice-President, H. W. Pierce, 
Assistant to General Manager, New York 
Shipbuilding Corp., Camden, N. J. 

Directors at Large: J. J. Chyle, Director, 
Welding Research, A. O. Smith Corp., 
Milwaukee, Wis.; J. H. Humberstone, 
Director, Research & Welding Engrg., 
Arcrods Corp., Sparrows Pt., Md.; T. B. 
Jefferson, Editor, The Welding Engineer 
Publishing Co., Chicago, Ill.; H. N. 
Simms, Metallurgist, Black, Sivalls & 
Bryson, Inc., Oklahoma City, Okla. 

District Vice-Presidents: District No. 2 
(Mid-Eastern)—G. E. Claussen, Metal- 
lurgist, Reid-Avery Co., Inc., Baltimore, 
Md.; District No. 4 (Central)—F. L. 
Plummer, Director of Engrg., Hammond 
Iron Works, Warren, Pa.; District No. 6 
(Mid-Southern)—R. L. Townsend, Part- 
ner, Tweco Products Co., Wichita, Kan. 


MEETING OF BOARD OF DIRECTORS, 
AMERICAN WELDING SOCIETY 


A meeting of the Board of Directors of 
the Society was held in the Pennsylvania 
Hotel, New York, N. Y., on Friday, July 
16, 1948, with the following present: 

Members: H. O. Hill, D. Arnott, R. S. 
Donald, O. B. J. Fraser, W. F. Hess, G. O. 
Hoglund, T. M. Jackson, A. B. Kinzel, C. 
I. MacGuffie, J. F. Maine, H. W. Pierce, 
G. N. Sieger and A. C. Weigel. 

Members of the Publication Committee: 
A. G. Oehler, G. Van Alstyne and F. R. 
Hensel. 

Staff Members: J. G. Magrath, W. 
Spraragen and M. M. Kelly. 


Technical Assistant 


Upon motion, duly seconded, it was 
voted to empower the Executive Secretary, 





SOCIETY NEWS 


with the assistance of the committees con- 
cerned and the Technical Secretary, to pro- 
ceed with the employment of a technically 
trained man, with some practical and edi- 
torial experience, for the position of tech- 
nical assistant to the Technical Secretary 
of the Society, and to effect the best ar- 
rangement within the salary range estab- 
lished for this position. 


Special Committee Report on Review of 
Ballots on By-Law Amendments Pertaining 
to Dues Increases 


Since the active membership on the date 
ballot was mailed to the membership to- 
taled 7192, it was found that the negative 
vote on the amendments dealing with dues 
increases was negligible (less than 4%). 
Thus, the By-Law amendments were de- 
clared approved, having fulfilled all pre- 
scribed requirements of Article XX of the 
By-Laws 

In the membership billing for the ensu- 
ing year, it was deemed proper to include 
a message from the President, expressing 
appreciation for the gratifying response to 
appeal for needed support, and the hope 
for acceptance by the entire membership 
of the dues increases, which, together with 
a substantial growth in number of mem- 
bers, will enable the Society to maintain 
its prestige and improve its services, and 
further, expressing appreciation to those 
members who added their comments to the 
letter ballot, assuring them that their com- 
ments will be studied and improvements 
made as quickly as economically possible. 
It was believed fitting that a similar mes- 
sage appear in THE WELDING JOURNAL 
over tabulation of the ballots on By-Law 
amendments; and that a special letter be 
sent to Sustaining Members. 


Finances 


Attention was drawn to the excess ex- 
pense over income shown at the close of 
the nine months’ operation ($14,234.62) 
which, while it compares unfavorably with 
the financial status at the end of the same 
period the previous year, is an improve- 
ment over that anticipated in the 1947-48 
budget. 

Attention was drawn also to “Request 
for Agreement toa Rental Increase in Office 
and Storage Space Occupied by A.W/S. in 
Engineering Societies Building.’’ It was 
agreed generally that, inasmuch as rental 
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had not been increased since 1919 and th 
Society has, over these years, enjoyed th 
privileges of office space in this building 
without being called upon to share the by; 
dens of increased operational costs, it is jy 
order to accept the proposed increased 
assessment on the Socrety’s office and 
storage space occupied in the Engineeriy 
Societies Building. 









Membership 







Report on membership change: 






the nine-month period ended June 30), |%48 
was distributed at the meeting. It show 
a net change during the nine mont! 
—58, and a total membership of 
(7145 members in good standing 








with dues in arrears). 

The Executive 
briefly total over-all membership plat 
the coming year, which include 

1. Avery extensive 10-day campaign 
be conducted by the Sections of th: 
ETY under the direction of Mr. R 
newly appointed Membership Con 
Chairman, and the man responsible for 
most successful drive in Milwauke: 
national campaign to follow the patter 
that of the Milwaukee drive rt 
posed campaign was planned fo 
spring but was postponed, awaitins 
come of ballot on proposed mem! 
dues increases. Plans now are to co 
the drive in the early fall. Prepar 
work on the drive will begin in abo 
weeks’ time. 

2. Preparation of a suitably attr 
brochure which, in a dignified man: 
serve to acquaint potential industri 
agement with the Society's purpo 
functions and a list of its supporter 

The Board voted to approve, in 
ple, membership plans of the E» 
Secretary. It favors an early fall nat 
ally concentrated 10-day member 
drive, conducted by the Sections unde 
direction of the National Member 
Committee Chairman. It author! 
Executive Secretary to proceed with pr 
aration of dummy of the propos« 
chure for submittal, with costs, at t! 
Board meeting. 






Secretary t 







£ 































Report of Executive Secretary—fl 
and Recommendations in Respect to 
Visitation 







The Chairman recalled that thi 
had been distributed at the last 
meeting and, as directed at that n 
copies have been circulated to absent 
members of the Board and to the c 
tees concerned, for study and with : 







(Continued on page 736 
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TUBE-TURN stainless steel welding fittings 


are available in types 304, 316, 347 


What’s what in stainless steel pipe welding? 


Ss with carbon steels, welding is the 
most durable and the only really 
leakproof way of putting stainless steel 
piping together. And stainless steel pip- 
ing can be welded just as successfully as 
other materials if certain characteristics 
of the metal are provided for. 

These are discussed in our 24-page 
booklet, Stainless Steel Piping—Why and 
Where to Use It. Write for a copy. Covers 
handling, cleaning, cutting, end prepa- 


ration and alignment, oxyacetylene weld- 


ing, shielded metallic arc welding, tung- 
sten arc-inert gas welding, heat treat- 
ment, plus a great deal of background 
information. 

Of course, for stainless steel pipe weld- 
ing you first need stainless steel welding 
fittings. Tube-Turn stainless steel weld- 
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ing fittings give you the widest available 
range of styles, sizes, and weights—in 
stainless steel types 304, 316, and 347! 

For good service in good connections 
deal with your nearby Tube Turns dis 
tributor. 

TUBE TURNS, INC. 

222 E. Broadway, Dept. A, Louisville 1, Ky 


District Offices ot New York, Philadelphia, Pittsburgh, 
Detroit, Chicago, Houston, Tulsa, San Francisco, Los Angeles 
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GET THIS 
BOOKLET 
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WELDING FITTINGS 
AND FLANGES 

























































for 
OXYGEN 
ACETYLENE 
HYDROGEN 
NITROGEN 
and other high 
pressure gases 


















Write for 24 page 
catalog giving 
complete specifications. 
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MANIFOLDS 


Rugged construction and pore control 
olds long life, safe 


equipment give RegO mani 
performance and low maintenance. 


Continuous Operation . . . Shut-off valve at 
each cylinder station permits removal of any 
cylinder without shuting down entire side of 
manifold. Master valves control each bank of 


cylinders. 


Unit Construction .. . Header consists of steel 
I-beam, extra heavy brass pipe and fittings, 
cylinder station and master shut-off valves... 


with all permanent connections silver brazed. 


Precision Regulation . . . Uniform delivery 
pressure is assured by dual large capacity two- 


stage RegOlators. 
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(Continued from page 7 

that they submit their commen; 
to the Board of Directors in adv 
next Board meeting, when t 
would be discussed and action ta} 
on. The items were discussed in 
of importance 

Welding Journal—Before  discy 
commenced, the Chairman annou 
the Publication Committee had 


ee! 
vited to the meeting for the purposes 
listening to discussion and expressing thei 
opinions. He introduced the m ibers of 
the Committee in attendance, including 
in addition to Mr. MacGuflie, a member 


the Board, Messrs. Oehler (Chairmay 
Spraragen (Secretary), Hensel and Van 
Alstyne. Communication, containing 
comments of Mr. Fetherston, anothe 
member of the Publication Committe 
was distributed at the meeting. (Co; 
ments of Messrs. Wirt and Tinnon, Bo 
members, had been circulated in ady 
of the meeting. Mr. Hill read portioy 
letter from Dr. Adams, commenting 
JOURNAL 

Generally, it was felt that the J 
as published presently, ranks high 
technical publications and is outsta: 
in the welding field. It is and ha 
cessful financially. Some change in for: 
and content is needed to enhance thi 





NAL’S value as an advertising mediun 
to make it more attractive as a 1 
ship inducement From an eco! 
standpoint, it is not necessary 
radical changes at this time, but 1 
focus on restyling, briefing of 
where possible, and the inclusio: 
terial on design and applications of » 


ing, written by men actually perfor a 
these operations. It was believed that | 
good article a month, written in | j 
understandable by production me: 
prove satisfactory to those who no 
they are not getting the kind of mate , 
needed. 

The Publication Committee C! | 


stated that his Committee has con 
periodically, improvements in THe W! 
ING JOURNAL. Some of the ideas adv 

at this meeting have received att: 

the past, and where practical 
nomically feasible, improvement h 
made. The Publication Committee ( 
man endorsed heartily proposal th 

be made of comments and recom 
tions for improvement in the Jour 
from which he believes his Committ: 
derive valuable information. Where ! 
feasible, without jeopardizing the st g 
of the JOURNAL, or embarrassing the 5 
ETY financially, the Board of Du 
sanction will be sought in effecting 
mended changes 

The Publication Committee was g! 
vote of confidence and its Chairn 
commended for the conciseness and 
ity of his presentation. 

On motion, duly seconded, it wa 
that the Publication Committe 
under advisement, at the earliest | 
moment, matter of improving the 5 










ETY’s publication, giving due co! 
tion to Sections’ comments conta 
the Executive Secretary’s report 
ions expressed at this meeting, as 
those expressed in communicatio 
questionnaire received from mem 
the Board and the Publication Com 
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that In this instance, interconnected 
ngt traveling guns (C)—having ad- 
justable spacing—are used to 
series weld shells for several differ- 
ent sizes of hot water heaters in 
high production. Mandrel support 
asicle at (A) is swung out to the right for 
EW! loading. When swung out it pre- 
dy vents machine operation through 
safety switch (E). Guns weld in 





. and the machine will handle two diame- 





. series. Push button (B) initiates the ters and any length of water heater shells. 
e( mat “_ er guns fire rere That's the kind of economy you get when 
: matically when e ore moved, ° . 
sabe os soon os they Borg Pegg the job is worked out by PROGRESSIVE 
OURNA “weld” position. The support for WELDER. 


ittee ¥ the heater shell (D) is adjustable 


re four for different shell diameters. Ma- . te , 
dent tat tas tail to-senciad te For this story plus '‘Assembling Nash 


he Se occommodote other welding jobs Suspensions’’; Traveling Gun Welders 
tor of similar weld characteristics. Solve Many Problems’’; ‘'Seam-Weld- 
ing Panels from Strip’’; etc., see... 











RESISTANCE WELDING PICTORIAL #47 
Ask for it today 








CABLE ADDRESS “PROGWELD" 
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G/ POWER FACTOR 


@ BALANCED THREE PHASE 
WITH 


“Tri-Phase 
TAYLOR-WINFIELD 
WELDERS 
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Six Highly Desirable Features 











... (1) greatly reduced power 








demand; (2) three phase bal- 








anced power load; (3) desira- 











ble high power factor (95%); 











(4) improved weldability; (5) 





deeper throat depths with es- 








sentially no increase in power 











demand; (6) with Tri-Phase, 














you can weld low carbon steel, 








stainless steel, aluminum al- 














loys, magnesium, Monel, In- 











conel, brass alloys, and other 











materials on same _ welder. 





























Tri-Phase can be had in spot, 














projection, seam, or upset-butt 


welders. Ask for Tri-Phase Bulle- 




















tin 10-813 just off the press. 









































THE TAYLOR-WINFIELD CORPORATION 
WARREN, OHIO, U.S.A. 
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further, that the Publication Co; 
after reaching conclusion on 
changes in the Socrety’s publication 
pare statement of recommendati 
estimate of costs thereof for sub: lt 
the Finance Committee, in order that ¢h.. 
Committee can be prepared to r ‘ 
the Board of Directors on the financial; 
sibility of meeting increased costs invo}, 
in carrying out recommendations of ; 
Publication Committee; and further. th, 
the Publication Committee report ba 
the Board its findings at the next R, 
meeting. 


Publication of Ship Structures ( 
Report 
Memorandum pertaining to W.R( 
Director’s request for running off reprint 
of report of the Ship Structures Com: 
tee, which appeared in the July Wetp) 
JOURNAL, for sale to A.W.S. member 
W.R.C., was distributed in advan 
ineeting. Since it appears the Socir1 
not suffer financially on this transact 
the Board approved of having reprint 
off for sale at 50¢ per copy, and to i 
against financial loss on sale of thes« 
tins, accepted offer of W.R.C. to purch 
a sufficient number of the reprint 


Publication Year Book 


It was reported by the Executive Seer 
tary that a change in publication dat 
manner of issuance of the Year Book |} 
been under advisement for som« 
Regular date of publication is Febru 
but because of heavy burden on staff 
to membership billing, recording of pay 
ments, preparation and aftermath of A: 
nual Meeting, and other items of this or 
coming due at the same time, as the pr 
aration of the Year Book, the book i 
layed a month or more in getting out 
the time it comes out, committee per 
nel, Section and other data is out-dat 
A further development this year is ne« 
republishing entirely, or in part, the 
report on Society's activities for t! 
ministrative year just ended. Heretolor 
this has been published in the Jour 
but because of necessity for effecting 
economies in publication costs, th« 
report will not be republished in it 
ety in the JOURNAL. The Executive 5 
tary offered suggestions for way 
means of handling the matter. It w 
lieved necessary that the report on |! 
cial operations for the year should b« 
lished in permanent form and furni 
all members. It was believed unnecessary 
to repeat in the JouRNAL or Year | 
complete report of the technical com! 
tees. It is planned to publish report of th 
Executive Secretary on Socrety’s activ! 
ties for the administrative year just end 
in pamphlet form, but probably in * 
in. size. 

It was moved that the Executive 
tary be requested to have ready for pres 
entation at the coming Board meeting 
recommendations for form and d 
publication of the Socrety’s Year Book 
well as costs in carrying out pr 
plans. 
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BY-LAWS APPROVED 


In the March 1948, issue of THE WELDING 
loURNAL, page 225, under the “‘Activities- 
Related Events’ Department, were pub- 
-hed a number of Proposed Amendments 
t the By-Laws of the AMERICAN WELDING 
soclETY, as approved by the Board of Di- 
ectors, at Buffalo, N. Y., on Feb. 26, 1948. 
included were amendments to Article 

Dues and Fees, proposing an increase 
snnual dues for all Member Classifica- 
ons (4) through (D), and amendments to 
Rulings regarding membership qualifica- 
tions and benefits. 

As ordered by the Society’s By-Laws 
mder Article XX, “Amendments,” not 
ss than 30 days after publication in THE 
WELDING JOURNAL, the proposed Amend- 
ments were submitted to the membership 
ior letter ballot. In submitting these 
mendments the President frankly told the 
members the SocreTy needed the support, 
nd explained the reasons for requesting a 
iyes increase. In a communication to the 
nembership the President states: 

“Your response has been most gratify 
og. Less than 4% maximum, (3.58% 
cact) of our total membership voted in 
ie ‘negative.’ Further, a careful study of 
the ‘negative’ letter ballots indicated that a 
imber of those members so voting, would 

ve voted affirmatively had they the op- 
tunity to minutely study the present 

y demands upon your Socrety for addi- 
tional beneficial activities. 

“Your better than 96% approval is ac- 
epted by your Board of Directors with 
their sincere appreciation. Accordingly, 
our President announces your approval 
ind your Socrety’s adoption of the By- 
Law Amendments, as published and bal- 
ited, including those amendments per- 
taining to dues increases, all to be effective 
nmediately. 

“The increase in dues have been kept toa 

inimum. In that the financial returns to 
your Sections are based upon a fixed mini- 
mum fee and a percentage of the dues, they 
vill receive a fixed percentage of the in- 
rease. Of itself, the increase will not bal- 
nee the national budget without a sub- 
stantial growth in the number of members 
ver our present enrollment. Toward such 
nd our National Membership Committee 
‘ planning a membership campaign for 
this Fall and we know that you will desire 
to assist in every way possible toward 
ringing the WeLpING Socrety benefits 
you have enjoyed to others, among whom 
lay be many of your friends and industry 
ssociates. We are counting upon the 
vholehearted assistance of our total mem- 
ership toward assuring a successful cam- 
ign 

“It is our hope that the expected im- 
rovement in your Socrety’s financial 
position as anticipated resulting from the 
ombination of increased dues and in- 
teased membership, will provide sufficient 
revenue for maintaining your SocrEeTy’s 
orestige and improving its present services 
s well as increasing the benefits to all 
lasses of membership. 

‘Let us now look forward to and work 
‘or a continued and most successful growth 
f our Society—in prestige, in enrollment, 
nd in benefits.” 
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Use Ampco-Weld resistance welding electrodes with modern ma- 
chines —to boost your weld-per-hour production and cut your costs 


Every hour this Precision Welder 
completes 125 washer housings — 
spot welding 24 angle clips (4 
welds each) on every housing. 
The manufacturer had hoped for 
75 an hour. Resistance welding 
gave him nearly twice that volume. 


That’s why modern production 
methods call for resistance weld- 
ing — the fastest, most economical 
way of joining two pieces of metal. 


Men who know production 
welding can also tell you that it 


pays to use Ampco-Weld elec- 
trodes in your resistance welding 
set-up — for clean, strong welds, 
longer electrode life, and real 
welding economy. The Ampco- 
Weld line is complete with tips, 
wheels, dies, standard and special 
holders made of metals with the 
highest properties attainable. All 
products meet R.W.M.A. specifi- 
cations. Call the nearest Ampco 
office for complete data. ——-; 
Write for ri latest pesca 
Ampco-Weld bulletin. \ 


a | 
Ampco Metal, Inc. wy 


Department WJ-5, Milwaukee 4, Wisconsin 


Field Offices in Principal Cities 


Non-sparking 
safety tools 


Fabricated 
assemblies 


Corrosion- 
resistant pumps 
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Castings 


Specialists in en- 
gineering, produc- 
tion, finishing of 
copper-base alloy 
parts and prodycts. 









Welding 
electrodes 


Sheet, cast- 
extruded-rod 
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A.W.S. BY-LAWS REWORDED 


The wording of Article II, Section 1, has 
been revised as follows: 


‘Approval of Membership A pplications— 
All applications for membership shall be 
subject to the approval of the Committee on 
Admissions.”’ 


The changed wording is a recommendation 
of the Special Committee on Review of 
Returned Ballots on Recent By-Law 
Amendments. The Committee believes the 
change clarifies wording without chang- 
ing sense of by-law. ; 


LETTER TO THE EDITOR 


Dear Sir: 

In the May 1948 issue of THE WELDING 
JOURNAL there appeared a letter signed 
by J. F. Lincoln, President of The Lin- 
coln Electric Co., which is entitled to rec- 
ognition as an effort to improve Code 
Rules for the construction of welded pres- 
sure vessels. 

I offer the premise that Code writers are 
just as intent upon formulating the least 
restrictive rules, consistent with safety, as 
the manufacturers of equipment are in- 
tent upon doing an honest job in proving 
and selling their products. If there is any 
‘“‘cussedness”’ in the make-up of any group, 
I believe it is sporadic and that it can be 
ignored in debating issues which are to be 
decided solely on their merits. 

I infer that, in adding his general re- 
marks, Mr. Lincoln was thinking about all 
types of welded structures, even though at 
several places pressure vessels are defi- 
nitely mentioned. 

Not to extend this letter unduly, Imerely 
cite, as part of the background for present 
rules, extensive published results of tests, 
and the most excellent work done by Mr. 
Lincoln’s own experienced engineers and 
technicians. Their specialized leadership 
and experience in the four phases of arc 
welding advancement—research, manu- 
facture, application aid and educational 
work—are expressed in The Lincoln Elec- 
tric Co.’s ‘Procedure Handbook of Arc 
Welding Design and Practice.” 

It would appear from the manner in 
which Mr. Lincoln’s viewpoint is presented 
that he was only outlining a comparison 
on quality and a seeming prejudice in 





choice as between a welded and a riveted 
joint. Broadly speaking, under these two 
classifications only, it has been the idea 
of almost all engineers I know that the 
welded joint is preferred for pressure ves- 
sels, subject to adequate specifications for 
material, rules for construction, and quali- 
fied inspection all along the line, for which 
we, as engineers, are willing to approve the 
cost. 

In a general comparison between riveted 
and welded work—and the writer has had 
experience with both, from early practices 
when hand operations in riveted work were 
quite common, and from the beginning of 
electric fusion welding—may we not recog 
nize that riveting is now more or less a 
machine job, except for inspection? Its 
fabrication makes use of repetitive meth- 
ods that cannot but result in the best type 
of workmanship, and a uniformity that 
meets the accepted method of computa 
tion. 

On the contrary, welding is still largely 
a manual operation, dependent upon qual 
ity of workmanship, and therefore upon 
the individual skill and integrity of the 
welding operator, foreman and inspector 

As to the nine items of comparison be 
tween the welded joint and the riveted 
joint which Mr. Lincoln cites, they should 
be valued in proportion to their relative 
importance. It is usually conceded that 
the breaking strength in a pull test on mill 
specimens is not the principal quality de 
sired, because of the many variables that 
may be introduced, from the time that the 
steel is in the making until the vessel has 
been in service for a time. Quality of 
finished welds as regards ductility, fatigue 
value and tendency to resist corrosion of 
any type, may be important and is de- 
pendent on the quality of the base material 
as well as the procedure used in welding. 

Some defects in welds, which Mr. Lin- 
coln merely lists in his letter, may alone 
be of little consequence, but in combina- 
tion with others and service factors may 
cause trouble. 

Under defects limited by Code Rules 
may be classed lack of fusion, incomplete 
penetration where it is barred, gas pockets 
and slag inclusions, and surface appear- 
ance. Undercutting is barely mentioned 
in construction codes, as “practically 
none”’ is a recommendation only. In gen- 
eral, slight undercuts are not a cause for 
rejection. Serious examples of porosity 


may not be as indicated by th 
A.S.M.E. standard films, but use; 
has largely set the present requir: 

As methods of examination 
and instrumental indications of 
structive kind give greater assurance of 
having the minimum soundness and dyo. 
tility in a welded joint in accordance with 
its efficiency rating, we can expect mop 
liberalized standards to be set up. yy 
Lincoln’s staff is well aware of all such ge 
velopments in technique and is « bviously 
interested in improving them. : 

In summary, I advocate thx 
of rules to produce safe structures at miyj. 
mum cost. Doubtless, this is Mr. Lip. 
coln’s objective, too. Its attainment will 
surely require mutual effort, compromise 
and the test of time. 

In my capacity as Chairman of severg} 
Unfired Pressure Vessel Committees, 
including the Pressure Vessel Research 
Committee, and having helped to writ, 
codes for pressure vessels, I am hereby 
extending an invitation to Mr. Lincolp 
for an oral discussion on this subject, to the 
end that we may reach a common under 
standing of mutual problems. At th 
same time, if it is necessary to do some 
more research work to resolve some of 
these questions, I feel that he will recog 
nize this need, and gladly join in any co 
operative effort to discover what the in 
dustry at large now lacks. 


Present 
lemand 
ments 
I prove, 
nonde. 


Writing 


Yours very truly, 


(Signed) WALTER SAmAns* 


* Chairman, Pressure Vessel Research Com 
mittee; Chairman, Subcommittee on Unfired 
Pressure Vessels of the Boiler Code Committee 
A.S.M.E.; Chairman, Joint API-ASME Com 
mittee on Unfired Pressure Vessels 


PRACTICAL ARTICLES 


The Publication Committee is 
to secure short practical articles that will 
be of interest and help to the practical 
welder, foreman and supervisor and to 
the designer. 

If any member has finished the design 
or welding of an interesting application of 
welding, he is strongly urged to write it 
up and send it to the Editor with suitable 
sketches or photographs. 


inx10us 





TIP CLEANING DRILLS 














Mounted in Knurled 
BRASS Handles 
* 


LARGE STOCK 
PROMPT DELIVERY 


DISTRIBUTORS WANTED 
NEW MEXICO STEEL CO. 


Box 694, Albuquerque, N. M. 








Years of GUARANTEED SATISFACTION 


Insist on them — Unequalled Quality 


No.1 Cast lron Welding Flux 
No. 2 Brazing Flux for Br 
No. 4. Braz-Cast Flux for Bronze Welding Cast Iron 
No.5 &8 Cast & Sheet Aluminum 
No. 9 Stainless Steel Welding Flux 
No. 11 
No. 16 Silver 


Mfg. By 
ANTI-BORAX COMPOUND CO., INC. 


Buy “PROVEN FLUXES” 





behind these GOOD 
“ANTI-BORAX”’ FLUXES 


ass, Bronze, Steel, etc. 
luxes 


Tinning Compound 


der Paste Flux 


Fort Wayne, Ind. 
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REID-AVERY COMPANY 


INCORPORATED 


DUNDALK + BALTIMORE 22 + MARYLAND 


SINCE 1919 PRODUCERS OF ARC WELDING ELECTRODES AND WELDING RODS 
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NEWS OF THE INDUSTRY 


SAFETY CONGRESS 


The 36th National Safety Congress and 
Exposition, sponsored by the National 
Safety Council, will be held in Chicago 
from October 18th through October 22nd. 
Five leading hotels will house the safety 
sessions and expositions. They are: Ste- 
vens hotel, for the industrial safety exposi- 
tion and industrial sessions; Sherman 
hotel, for the public safety exposition and 
traffic, farm, home and women’s safety 
sessions; Morrison hotel, for industrial 
and school and college sessions, and Cong- 
ress and La Salle hotels, for industrial ses- 
sions. For further information, write to 
George E. Burns, National Safety Council, 
20 N. Wacker Drive, Chicago 6, III. 


RAILROAD FAIR 


The big national Railroad Fair, opened 
along a mile of Chicago’s lakefront Tues- 
day, July 20th—first great public attrac- 
tion of its kind ever sponsored by industry 
in this country—will give its hundreds of 
thousands of visitors a chance to inspect 
railroad locomotives and cars from the in- 
side out, and from the bottom up. 

In announcing the complete list of rail- 
road rolling stock to be displayed on 2'/, 
miles of special exhibit track at the forth- 
coming railroading centennial, Maj. Lenox 
R. Lohr, president of the Railroad Fair, 
also pointed out that the public will view 
the most complete assemblage of locomo- 
tives and cars ever collected in one place 
for a nonoperating purpose. 

This gigantic track display will be en- 
tirely in addition to the national Railroad 
Fair’s 50 acres of spectacular outdoor 
pageantry, exhibits and entertainment on 
a scale unmatched in this country since the 
war. 

To show how a modern Diesel locomo- 
tive operates, the Electro-Motive Division 
of General Motors Corp. will exhibit in the 
track display a locomotive unit with side 
panels, machinery covers and housing cut 
away. Other features of the Electro-Mo- 
tive exhibit will be the widely publicized 
Train of Tomorrow with its dome cars and 
many other suggested improvements; a 
mobile instruction unit or school-on-rails 
in which 51,000 Diesel engineers have been 
trained; and a 6000-hp. 4-unit Diesel 
locomotive. 

Pullman-Standard Car Manufacturing 
Co. will show an upside-down underframe 
of a sleeping car with a high ramp above 
for spectators. Also in the Pullman- 
Standard exhibit will be one of the first 
boxears ever built to stock specifications 
instead of individual specifications. 

Scheduled to be open through the sum- 
mer, the Railroad Fair is being presented 
by 38 of the leading railroads of the coun- 
try to tell in dramatic fashion the full 





story of railroading in America. Occasion 
for the mammoth celebration is the cen- 
tennial of the first run of a railroad steam 
locomotive out of Chicago, the event which 
led directly to final conquest of the west 
and rise of Chicago as the nation’s rail hub. 

Locomotives and cars on the special ex- 
hibit tracks will represent all periods of 
railroad progress and, in addition, point 
the way to future developments. 


VICTOR OPENS CHICAGO OFFICE 


Victor Equipment Co., manufacturer of 
flame-cutting apparatus and distributor of 
welding supplies for 38 years, formally 
d@pened its new Chicago branch office and 
assembly plant at 1312 West Lake St., on 
Friday, July 16th. This step is in line with 
Victor’s postwar expansion designed to 
give a country-wide service. 

L. W. Stettner, president of the com- 
pany, and W. S. Fulwider, secretary-treas- 
urer, were in Chicago to aid in opening the 
new location. Utilizing every hour, com- 
pany personnel stocked and equipped the 
empty building in just two weeks before 
the opening. The assembly line started 
operations the following Monday. 

Carl Peterson, branch manager, and 
Dorsey Twedie, office manager, estimated 
that more than 200 distributors, manu- 
facturers and shop operators attended the 
opening. Refreshments were served from 
3:30 to closing time at 11:30 P.M. 

The new Victor Branch will handle the 
Miller Electric, Stoody, Jackson, Handy & 
Harman, Sight Feed, Thor, Plomb, Lyon 
Metal, American Optical, Hewitt Rubber, 
General Electric cable and other leading 
lines of equipment besides their own Vic- 
torweld Electrodes and Arc Welders. 


PROPERTIES AND USE OF 
EYE-PROTECTIVE GLASSES 


In keeping with general industrial 
progress in this country, protective glasses 
and goggles have been developed and im- 
proved until today there is a glass or goggle 
available for adequate protection in every 
occupation and avocation. Recently, an 
investigation was made by Ralph Stair at 
the National Bureau of Standards cover- 
ing the spectral-transmissive properties of 
about 200 glasses intended for use as sun- 
glasses or for special industrial operations 
where injurious amounts of ultraviolet, 
luminous or infrared radiant energy are 
present. Extensive consideration was 
given to the elimination of glare, the dis- 
tortion of colors of objects, the use of 
glasses for driving at night, the standardi- 
zation of glasses for out-of-doors and indus- 
trial purposes, and the spectral-transmis- 
sive properties of glasses for use under 
various types and intensities of radiant 
energy. 
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RECIPIENTS OF SCHOLARSHIPS AND 
AWARDS IN FIRST ANNUAL ENGINER. 


LINCOLN FOUNDATION ANNOUN 


ING UNDERGRADUATE PROGRAy 






Awards of $1000 to the University , 
Cincinnati, $500 to the University of |, 
nesota and $250 to Iowa State College wer. 
announced recently by The James F Lis 
coln Arc Welding Foundation. Thes 
awards are to be used for providing sch 
arships in each school. 

The awards represent top honors in th 
Foundation’s Annual Engineering Unde, 
graduate Award and Scholarship Progra 
in which awards are given to engineering 
undergraduates for the preparation of pa; 
ers on arc welding and its uses. The scho 
arship funds are awarded to the schools ;; 
which the authors of the three best paper: 
were registered and duplicate similar cas; 
awards to each author. Papers were sy 
mitted by students from 46 different ¢, 
gineering colleges in all parts of the couy 
try. 

The paper, “Standardized Welde 
Building Structures for Railroads, 
ceived the first award of $1000 for Alan R 
Cripe of the Department of Architectur 
University of Cincinnati, Cincinnati, Obi 
and, in addition, the honor of having th 
four scholarships awarded to the Univer 
sity named in his honor. Mr. Cripe resides 
at 831 Harvard Blvd., Dayton 6, Ohio 

The paper, ‘““Arc Welded Design as Ap 
plied to a Combination Hay Buck-Sta 
ker,” written by William David McCoy 
undergraduate in the Electrical Engineer 
ing Department of the University of Mi: 
nesota, Minneapolis, Minn., received th 
second award of $500, with like amou 
going to the University for scholarships i 
his name. Mr. McCoy resides at Pioneer 
Hall, University of Minnesota; his hom 
being in Duluth. 

The third main award went to Willia 
W. Robinson of the Mechanical Engineer 
ing Department of Iowa State Colleg 
Ames, Iowa, as author of the paper, ‘Vises 
Fabricated by Arc Welding 
Vises.”” A similar amount went to the Col 
lege for a scholarship named in his honor 
Mr. Robinson resides at 115 N. 33rd St 
Omaha, Nebr. 

In addition to these, smaller awards to 
taling $3500 were made to 68 undergradu 
ates representing 43 engineering colleges 
and universities. 

The Annual Engineering Undergraduat 
Award and Scholarship Program of th 
Foundation was announced October 15t! 
of last year and closed May 15th of this 
year. Judging of the papers was cond 
ted by Dr. E. E. Dreese, chairman of the 
Board of Trustees of the Foundation ane 
head of the Department of Electrical Ea 
gineering at Ohio State University. Dr 
Dreese was assisted by Professor Justus 
Rising, Department of General Engineer- 
ing,- Purdue University, and Professor 
Kenneth E. Quier, Department of M« 
chanical Engineering, Pratt Institut 
Brooklyn, N. Y. 

The closing of this program marks 
end of the first of a ten-year series ©! 
nual competition for engineering studes’ 

The purpose of this program, as st‘ 
in the rules, is to encourage the study 0! © 
sign for arc welding through the prep2" 
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=} Machinable Welds In Cast Iron 


RAM 


“{ Improved With New “Softweld” 


Ze were 


A a, “ RS of the New Lincoln “Softweld” Elec- 
trode report greater ease of welding, better 


of pa. welds and easier machining of the weld deposit. 
roolsin Easy Operation. The New “Softweld” operates 
ar cah with a steady, soft are with either A.C. or D.C., 
and on either polarity of D.C. Where conven- 














e cou. JM tional electrodes of this type melt-off in large 
Welded drops of spatter and the coating flakes off, the 
Sane Q_melt-off of this New Lincoln Electrode is uni- 
tecture, MF form. Smoke is light and slag removal is easy. 
1, Ohi ; 
veu, g Dense, Soft Deposits. This improved shielded 
resides Ti are electrode deposits a non-ferrous alloy on 
Ohi . . . . - 
s Ap cast iron with minimum penetration and heat- 
k ota . P ¥ ~ 
oc, |e ing of the base metal. The entire weld area then 
igiteer- Hi may be machined, ground, sawed, drilled or 
UT will 
ved the fe lapped with ease. 
ee os y : Broken off, the corner of this machine tool bed casting is 
i z Surface of the deposit and the fusion zone being built up with the new “Softweld.” Inset shows repair 
's home have less porosity than those of former elec- when partially complete. When welding is complete, the area 
E ° one will be machined to proper size and shape. 
Villon Odes. Bead appearance is good. Ability to + re” wai 
_ build up an edge also has been improved. 
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= the Break in motor bracket, welded with “Softweld.” Deposit Cutting through a deposit and fusion zone of “Softweld” 


and fusion zone can be easily drilled and tapped. deposit with a hacksaw illustrates how soft it is. 





y of d The above is published by LINCOLN ELECTRIC in the interests of progress. For further information on the new “ Softweld,” write 
epara The Lincoln Electric Company, Dept. 109, Cleveland 1, Ohio. Advertisement 
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tion of papers by students of engineering in 
institutions of higher learning upon whose 
shoulders rests the responsibility for fu 
ture industrial progress. 

The present study indicated that while 
irc welding is being applied extensively, 
there remain innumerable applications for 
still further economic utilization of the arc 


process 


WELDING STUDENTS 


Heading for jobs in the welding field are 
the men pictured in the accompanying 
photograph, students in the Welding Dept. 
at Dunwoody Industrial Institute in Min- 
neapolis, Minn., and part of the 5790 who 
have been receiving trade training there 
during the past year. In the day school 
regular pre-employment training, 3022 at- 
tended, and in the evening school extension 
training, 2768. 

Shown with them is the department 
head, Marcus Maynard, seventh from the 
left in the front row, and the instructors, 
also in the front row, who are teaching the 
intricacies of gas, arc and atomic hydrogen 
welding. 

In their quest for job knowledge, stu 
dents at Dunwoody put in 1,949,847 hours 
of training. They came from Minnesota 
and 38 other states, and these foreign coun- 
tries: Canada, Hawaii, British West In- 
dies, Venezuela, Brazil, Porto Rico, Pana- 
ma, Iceland, France, Alaska, Mexico, Cos- 
ta Rica, Columbia and the Philippine 
Islands 


Dunwoody will begin its 35th year of 
training men for trade work with the re 
opening of school in August. 


DR. SAUVEUR MEMORIAL ROOM 


Dedication of a Memorial Room to the 
late Dr. Albert Sauveur, pioneer in the 
science of Metals, will take place in the 
National offices of the American Society 
for Metals, Cleveland, On August 19th, 
according to an announcement by W. H 
Eisenman, the Society’s National Secre 
tary. 

Dr. Sauveur, affectionately known 
throughout the metallurgical world as 
‘Dean of American Metallurgists,’’ was 
Gordon McKay Professor of Mining and 
Metallurgy at Harvard when he died in 
1939 


The Memorial Room, which ox 
space 40 x 15 ft., 
decorated and equipped with 
glass-enclosed cases’ for displayi 


has been complete! 


many records and honors belonging 
Sauveur. Dominating the room 

an oil painting of the scientist, exe: 
Alexander Smith, outstanding 

artist. Professor Sauveur’s desk and cl 
his medals, awards and other memora! 
will be on display. Other items of hi 
interest, not connected with Prof 
Sauveur, will be an early Rockwell hard 
ness testing machine, a complete set of the 
writings of the late Dr. John A. Mathews 
and many photographs and letters of other 
honorary members and winners of th 
A.S.M. Sauveur Achievement Award, of 
which Dr. Sauveur was the inspiration and 
first recipient 


arbide-—— 


IN THE RED DRUM 


EFFICIENT 
ECONOMICAL 
DEPENDABLE 


FOR WELDING and CUTTING 
Use National Carbide in the Red Drum 


Write us for information as to nearest available stock. 


NATIONAL CARBIDE CORPORATION New York 17, N. Y. 


60 E, 42nd St. 
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Advantages over Manual Methods 





®@ Up to 4 times faster 

® Smoother, more uniform deposits 

| @ Less rod required per piece surfaced 
g @ Finishing time reduced 








1. STRAIGHT LINE 
—for relatively Felare 
narrow surfaces like 


knives 


2. CYLINDRICAL — 
for parts sucn as 
pump rods, sleeves, 


and bushings 


3. CIRCULAR — for 
gate valvesand other 


rcular pieces 

















for surfacing parts 


"A LYS - fA, C. VY G faster, more economically 


Mechanized hard-facing is a new and 
economical process developed by Haynes 
Stellite Company for applying a protec- 
tive surface to wearing parts on a produc- 
tion basis. With a mechanized setup, parts 
can be surfaced up to four times faster 
than by manual methods. In addition, less 
hard-facing material is required per 
piece surfaced... The deposits produced 
are smooth and uniform, and therefore 
require less finishing time. 

For full information on mechanized 
hard-facing, write to Haynes Stellite 
Company, Kokomo, Indiana. If you want 
heip in determining whether any job in 
your shop should be mechanized, ask to 


have a service engineer call. 


Haynes Stellite Company 


Unt of Union Carbide and Corben Corporation 





TRADE-MARK 








Y. 


———— 





The registered trade-mark, “Haynes,” distinguishes products of Haynes Stellite Company. 
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General Offices and Works, Kokomo, Indiana 


Sales Offices 
Chicago — Cleveland —Detroit—Houston 


Les Angeles —New York—San Francisco —Tulsa 
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The dedication ceremonies, which will 
take place at 3:00 P.M., at the American 
Society for Metals’ National headquarters 
building, 7301 Euclid Ave., Cleveland, 
will be attended by the National Officers 
and Trustees of the Society, by Mrs. Sau- 
veur, widow of the noted metallurgist to 
whom the museum is dedicated, and by 
any members of the American Society for 
Metals who would like to attend. Dr. 
Sauveur was an honorary member of the 
Society. 

Chairman of the committee responsible 
for the Memorial Room is H. H. Lester of 
Watertown Arsenal. Other members who, 
with Dr. Lester, were former pupils of Dr. 
Sauveur, include G. B. Waterhouse of 
M.I.T.; V. N. Krivobok, International 
Nickel Co.; Joseph Winlock, Edward G. 
Budd Mfg. Co.; James P. Gill, Vanadium 
Alloys Steel Co.; Bradley Stoughton, 
Lehigh University; and Secretary Eisen- 
man of the Society, complete the commit- 
tee. 


A Communication to the Society 
Shanghai, 3lst July, 1948 


The Jardine Engineering Corp., Ltd., 
has been carrying out repairs on a number 
of 225-hp. Marine Diesel engines for the 
Chinese Maritime Customs. The defects 
were of a similar nature in all cases, and 
consisted of numerous cracks and pores 
in the upper part of the waterjacket, and 
in some cases considerable chunks of metal 
were brokea away, as can be seen from 
Illustration No. 1. 

To gain access for preparatory work and 
the subsequent welding operations, win- 
dows were cut, as shown in Illustration 
No. 2. As cracks were detected adjacent 
to the gap, the waterjacket was cut out 
the full length of the cylinder wall. 

It was decided to use wrought iron for 
the patch, which itself was fabricated from 
two pieces welded together, before being 
fitted to the opening in the waterjacket 
and welded to it, see Illustration No. 3. 
The welding of the motor block was carried 
out without preheat, °/32-in. Nickel Alloy 
Electrodes being used, applied in inter- 
rupted beads of '/- in. in length with sub- 
squent light peening. After allowing the 
weld to cool off, welding was resumed, 
welding current of 120 amp. was used, 


Time Counts - 
Gas cut and Weld with 


3 . 
“"* 00cm 
wiiidll z 
See 


SHAWINIGAN PRODUCTS 
ORPORATION 


Ci 
EMPIRE STATE BUILOING, NEW YORK 1.9.Y. 


Fig. 2 


Perous welds were removed and rewelded 
until satisfactory. 

After completion of the weld the water- 
jacket was subjected to a water test of 30 
lb./sq. in., and no leakage or sweating 
occurred. The normal working pressure 
in the waterjacket of a Marine Diesel is, 
of course, almost negligible. 

Illustration No. 4 shows the closing up 
of the block in progress. 

The Jardine Engineering Corp., Ltd., 
has repaired a number of these engines for 
the Chinese Maritime Customs, and the 
earlier ones have now been back in service 
for several months to the complete satis- 
faction of the owners. 

(Signed) GgorcE O. DRUCKER, 
In charge of the Welding Sections, 
of The Jardine Engineering Corp., Ltd. 


STEAM LINES 


Long runs of new steam supply and re- 
turn mains at the U. S. Department of 
Agriculture’s Research Center, covering 
12,000 acres near Beltsville, Md., are placed 
in concrete tunnels that are covered by 
concrete slabs. These lines run from the 
institution’s steam plant to Zoology build- 
ings, and consist of 2'/.- and 1'/2-in supply 
pipes and l-in. returns, Both the soil con- 
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ditions and boiler feed water are ¢ 
corrosive, it was reported, and wrought 
iron piping is used throughout the syst 
Welding was used for all joints. Ab 
2000 ft. of 6-in. wrought iron pipe will 
installed at a later date between the st 
plant and buildings in the anima! | 
bandry section. 
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OF ALL TYPES 
SIZES 1/4 TO 300 KVA. 
FOR MANUAL, AIR, MOTOR 
OR ELECTRONIC OPERATION 
also BUTT, ARC, and 
GUN WELDERS 


WELDERS 


ME 
For Furnaces, Lighting, Distribution, Power Auto 


nging Welding, and Specia! Jobs. 
AIR OJL, and WATER COOLED. 


Sizes 1/4 to 300 KVA. 
CHARLES EISLER 


EISLER ENGINEERING CO., INC. 


(Near Avon Ave.) NEWARK 3, N. J., U.S.A. 
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ORDERS FOR RESISTANCE WELDERS 
JUMP 13% IN SECOND QUARTER 


A further increase in new orders by 
adustry for resistance welding equipment 
; reported for the second quarter of 1948 
by the Resistance Welder Manufacturers’ 
Association. According to T. S. Long, 
President of the Association, new orders 


received by member companies during 
April, May and June, exceeded first quar- 
ter orders by 18% and were over 22% 
head of shipments for the entire year of 
1938. 


) 


The vast increase in demand since the 
end of the war for this type of equipment 
mprising spot, projection, seam and 
flash welders—is an indication of the cur- 
rent efforts being made by industry. to re- 
iuce manufacturing costs, increase pro- 
juction and improve quality of metal ar- 
ticles according to Mr. Long who points 
ut that industries which never before used 
ny appreciable amount of this type of 
mass production equipment are now re-de- 
signing their products to enable faster 
production at lower cost. 


LICENSING EXAMINATION 


To further extend the usefulness of its 
Evening Division to graduate engineers of 
the upper Hudson region, Rensselaer Poly- 
technic Institute with the fall term will 
fier two courses especially designed to 
prepare engineers for the semiannual New 
York State licensing examinations 

For engineers whose practice has been 
confined to some special field, the courses 
in structural design and in the application 
of basic engineering science are expected to 
prove valuable refreshers in the broader 
phases of the technological professions. 

The State’s licensing tests are usually 
held around January Ist and July Ist. 
Only graduates of an accredited engineer- 
ing school or its equivalent are eligible. 
In addition they must have had four years 
of responsible professional experience. 
Part I of the tests is in structural design 
Part II is in application of basic engineer 
ing science and involves the solution of 
typical problems in hydraulics, thermo- 
dynamics, electricity and magnetism, and 
ther basic fields. In Part III the candi- 
date’s particular professional capacity is 
tested. Applicants who have not had the 
required four years of experience may take 
Parts I and II for certification as Engi- 
neers-in-Training. 

R.P.I. will receive applications for the 
Evening Division Courses until August 
20th. Classes open September 20th. The 
two new courses are in addition to regular 
undergraduate and graduate courses in 
engineering and science which the Evening 
Division offers for credit toward degrees 
'wo hundred adult students, some of them 
ttending from points 50 miles and more 

, attended classes of the Evening Di- 
vision in the spring term. 
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FUEL OIL TANK 


The largest rectangular fuel oil storage 
tank in the United States covers one com- 
plete city block in New York City and will 
hold the entire load of an ocean going 
tanker. The total capacity of the tank is 
13,000,000 gal. of fuel oil. The tank is 300 
ft. by 200 ft. by 30 ft. high and is divided 
into four oil-tight compartments. The 2000 
tons of steel were largely prefabricated in 


to panels and then erected on the site 
The structure is all welded. Lincoln Elec- 
tric ‘‘Fleetweld No. 7’’ !/4-in. diam. elec- 
trode was used for all butt welds that could 
be done in a flat position. All out of posi 
tion work was done with °/s0- and */;¢.-in 
diam. ‘‘Fleetweld No. 5.’’ 

The tank was built by J. K. Welding Co 
of Yonkers, N. Y., for the Petroleum Ter- 
minal Oil Corp. and required five months 
to complete. 

















WELDING TURBINE GENERA?, 


Welders in General Electric’s " Co. A 
tady Turbine shop are shown j + ing a! 
two 15-ft. sections of a stator fr ol fully | 
150,000-kw. turbine generator, o fy special 
largest ever built by the compa I fram 
cause of its tremendous size, and | 
tate manufacture, it was necessa 
ricate, anneal and machine the 
two sections. "This is a 1800-rpm 
gen-cooled unit. 


Capacities from as low as 250 Ibs. up to 10,000 Ibs.—all in the 
same tester! A low-priced precision instrument for TENSILE-COM 
PRESSION-TRANSVERSE-SHEAR testing. Handles rounds, flats, spe 
cial shapes. Motorized or hand operated, weighs only 137 Ibs 
Calibrated with Morehouse Ring certified by U. S. Bureau of Stand 
ards. A lifetime tester for shop or lab. In use by leading companies 
everywhere. Write today for 8-page bulletin in color! 


WRITE FOR ILLUSTRATED BULLETINS 


W.C. DILLON & CO., tne. Scio SE AMBUY 
o\e og TINK. CHICAGO 44, ILLINOIS, U. S. A. 
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r planned by the General Electric 
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Co. A special 8-axle railroad car, follow- 
ite which already has been care- 
fully planned by the company’s traffic 
sjalists, will carry the 30-ft. stator 
to its destination. 
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FLOATING DRY DOCK 


Maintenance and repairing of most of 
the 234 vessels operated by the Erie Rail- 
road in and around New York City now is 
being accomplished on a new welded 
steel floating dry dock, the only one of its 
kind owned by a private fleet operator in 
the New York harbor. 

The 400-ton dock recently was put into 
service at Erie’s Marine Terminal, Pier 1, 
North River, Jersey City, N. J. It was 
designed by engineers of the Erie Railroad 
and Dravo Corp. and constructed by 
Dravo at its Wilmington, Del., shipyard. 
Design of the vessel is similar to, but much 
smaller than, a huge floating dry dock built 
several years ago by Dravo for the U. S. 
Navy, Bureau of Yards and Docks. 

The new equipment will permit more 
effective utilization of Erie’s marine repair 
facilities that were enlarged in 1942, but 
did not permit work below the waterline. 
Thus, when repairs were necessary to 
both the hull and the superstructure of a 
boat, part of the job had to be undertaken 
it the Erie yard and the remainder at an 
outside yard equipped for such work. 

Floating equipment operated by Erie in 
New York harbor includes 5 ferries, 11 
tugs, 27 carfloats, four self-propelled light- 
ers, 111 barges, 61 scows, one steam der 
rick and 14 gas hoist lighters, In the near 
future, 25 new barges and scows, two new 
carfloats and one tug will be added to the 
Erie fleet. 

Some of the vessels, such as the ferries, 
ire too large to be handled in the new dry 
dock and these still will be sent to outside 
repair yards when hull work is required. 
Most of Erie’s equipment, however, can be 
serviced in the dry dock. These include all 
tugs, barges, scows and small lighters 

For many years, Erie has had a regular 
and well-organized marine inspection pro 
gram. All equipment is examined at spec- 
ified intervals gnd ordered into the yard 
for repairs as necessary. Welded steel 
vessels now will be dry docked annually 
for cleaning and painting, according to M. 
B. Roderick, Superintendent of Erie’s 
Marine Dept. 

The new dock is operated by a crew of 
six under supervision of a dockmaster. 
The crew is assigned to other work when 
their services are not required for docking. 
Berthing facilities for the vessel were 
dredged to a depth of 35 ft. in Erie’s slip 
off the North River. The dock submerges 
in 20 min. and pumps out in 51 min. 
(pumping time). 

Main hull of the vessel is 110 ft. long, 
but outriggers at each end increase the 
over-all length to 130 ft. The wing walls 
are 5 ft. 6in. wide at the top deck and 6 ft. 
at the dock floor. In the aft outrigger, a 
24-in. slot with three sectional hinged 
plate covers has been fitted for dropping 
rudders of tugs. A 3-ton power hoist, on 
the aft end of the port wing wall, facilitates 
removal of propellers. 
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Ask for your copy of 
the Weiger -Weed 
monual to become 
familiar with Weiger- 
Weed products and 
service, to help you 
turn out. stronger, 
lighter, more easily 
fabricated products 
ot lower cost. 
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T THEY WORK 
TOGETHER 


As brothers, to produce 
a perfect, enduring seam weld! 
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LDING 
WHEELS 


Weiger-Weed Wheels are of uniformly high quality, carefully 
forged and finished to give (1) strong, clean welds; (2) long 








life on high production runs; and (3) minimum down time 
for dressing the welding surfaces. Whatever materials you are 
welding— carbon steel, stainless steel, tin plate, terne plate and 
other coated steels, zinc, nickel alloys, weldable bronzes or 
aluminum— Weiger-Weed has specific alloys, thoroughly proved 
for quality and fitness, from which wheels can be fabricated. 
To speed delivery, several sizes of blanks are carried in stock. 


Weiger-Weed Wheels are supplied finished to your specifica- 
tions ready for installation, or in rough form for you to finish 
to your requirements. Write today for help on your specific 
seam welding problems. 


Weiger-Weed Standard Replaceable 
Welding Tips 


For more and better spot welds at top production speeds, with 
fewer dressings, use the right Weiger-Weed Tip for your metal 
and conditions. You can get most sizes and shapes promptly 
from stock—as well as standard holders that are absolutely 


leak-proof! 


Weiger-Weed produces electrodes and dies for all resistance 
welding requirements—spot, seam, flash, butt, projection. At 
your service is top-notch engineering and production skill. 
Ask the Weiger-Weed engineer for help. Weiger-Weed & 
Company, Division of Fansteel Metallurgical Corporation, 
11644 Cloverdale Avenue, Detroit 4, Michigan. 
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Fig. 1—Dock Is Submerged as Harbor Tug, Cleveland, Is Maneu- 
vered Into Position for Lifting. This Was the First Tug Docked in the 
New Equipment. Drydock Is the Only One of Its Type Owned by a 
Private Fleet Operator in New York Harbor 


Fig. 2—Note Ample Freeboard with the 400-Ton Tug, Cleve. 
land, Securely Blocked in Place. Addition of the Dry Dock 
to Erie’s Enlarged and Modernized Marine Repair Facilities 
Will Now Permit Underwater Work to Proceed Simultane. 
ously with Other Repair and Maintenance Service 


The working deck is 48 ft. wide between 


wing walls. Submerged, the dock has a 
normal draft of 23/2 ft. Its draft light is 
about 3 ft. Because of this shallow draft, 
the aft flooding tanks were filled with 
enough water to raise the bow about 3 ft. 
while the vessel was being towed by a sea- 
going tug from the Dravo yard at Wilming- 


The control house, about 13 x 3'/, x 7!/, 
ft., is built on the port wing wall. Push 
button controls for the six pumps used to 
flood and dewater the tanks are located in 
this house. Additional controls also are 
located on each pump. Two pendulum- 
type inclinometers are mounted on the 
control house, one longitudinally and one 


can be flooded or dewatered independently 
of the others. Pumps, one for each tank, 
are located near the bottom of the tanks 
and can deliver 1100 gpm. against a dif. 
ferential head of 5 ft. of sea water. Each 
pump is direct connected by a stainless 
steel vertical shaft with flexible coupling to 










a 5-hp., 440-v., 3-phase drip-proof motor 
mounted on the safety deck. 

Flooding ports are 10 x 37 in. inside, and 
are eqilipped with strainers. Sea cocks for 
flooding are 10 in. in diameter and the 
pump discharge sea cocks are 8 in. Filood- 
ing and discharge valves are operated 





















ton to the Erie pier at Jersey City. The 
225-mile trip was made in about 30 hr. 

Two vertical 12-in. I-beams are welded 
to the port wing wall, 75 ft. apart. These 
are fitted in locking devices that are fixed 
to the pier and serve as mooring guides. 


transversely. 

There are six flooding tanks built in the 
hull. Four buoyancy compartments are 
formed by the two rake ends and the two 
wing compartment above the safety deck 
on the wing wall. Each of the six tanks 













BULLOCK Coated 
COVER GLASSES 


OUTLAST OTHERS 10 to 1 





WELDING CONNECTORS 


* SPLATTERPROOF | Saxe ee Weiied Connection Units 
WwW ‘or welded assembly 
\ ATERPROOF Saxe Units place in position and securely hold together structural 
\ BETTER VISION | | parts to be welded. 


_ As used in many welded structures they eliminate all hole punch- 
ane producing an economical, rigid, safe and quickly erected structural 
rame. 


Write for descriptive literature 
J. H. Williams & Company 
Buffalo 7, New York 


G. D. Peters Company 
Montreal 2, Canada 
Canadian Representatives 


Senp FOR A TEST BOX OF 10 FoR s] 


| 
Pin a dollar to the coupon and mail it right now. It 
will save you lots of dollars later. You'll find that 
Bullock Coated Cover Glasses last 10 to 20 times | 
| 
| 


- 
as long as ordinary cover glasses. Navy Yards and 
LIST PRICES shipbuilders bought Bullock glasses by the mil- %, 
15c EACH lions during the war because they eliminated fre- 
100 for $12.00 quent changes and they produced better welding } fe € L 
500 for $45.00 by improving vision and ending eyestrain. Ms 
1000 for $67.50 Bullock Cover Glasses are coated front and back ( 


with an amazing waterproof compound that sheds Immediate Delivery 























® metal splatter, prevents heat-breakage, improves Any amount, your cylinders or ours. \ 
Further discounts visibility. You ought to be using them...they cost Allso for Sale 
for larger so little! They save so much! Give them a trial. Helium Cylinders < 
quantities DEALERS: You ought to be selling them. It’s . x y . 
. profitable! Write for details. | Medical Helium-Oxygen Mixtures 
sn en 2 EIGHTH ST. | | F.O. B. 
L. H. BULLOCK CO, Richmond Phoenix, Ariz. or Houstin, Texas 
CALIF. | 
L. H. BULLOCK CO., 2 Eighth St. | DYE OXYGEN COMP ANY 
Richmond, Calif. 
Send me 10 Bullock Cover Glasses. I'll test them. Phoenix, Arizona 
**‘Mfgrs. Oxygen & Acetylene” 
Ne ee ee rere Ts P. oO. Box 2344 Phone 29-2612 
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DESCRIBES .. . INSTRUCTS ... EXPLAINS... 


all phases of resistance welding—spot, seam, and projection. Shows 
how each type can best be used, how rejects can be cut, production 
increased (actual examples given), material is saved, and efficiency 
improved, at lower cost. 


Produced under the supervision 
of the General Electric Welding 
Laboratories in co-operation with 
the Resistance Welder Manu- 
facturers’ Association. 


Apparatus Dept., Sec. A645-46 
General Electric Company 
Schenectady 5, N. Y. 


Gentlemen: 


I'd like to see ‘‘This is Resistance Welding,’* Gen- 
eral Electric's More Power to America movie. 
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from the control house by an hydraulic 
system, Provisions also are made for hand 
operation of each valve in emergencies. 
Three 8-in. gate valves are located in 
the center line bulkhead between the six 
tanks (three on either side of the bulkhead) 
to equalize and pump out a flooded com- 
partment if a pump should fail. These 






DEPPELER OPENS CONSULTING OFFICE 


J. H. Deppeler, Chief Engineer of the 
Metal & Thermit Corp., has been granted 
a leave of absence to open a consulting 
office at 36 W. 40th St., New York City, to 
devote his entire attention to development 
of his own business as a Consulting Weld- 
ing Engineer. He will retain his connec- 
tion with the Metal & Thermit Corp. as 
consultant for that organization as well. 

Mr. Deppeler’s experience in the weld- 
ing field extends over a 40-year period 
starting in the early days in the oxy- 
acetylene field. This experience was ex- 
tended to thermit welding and during the 
past 15 years to every phase of arc welding. 

Mr. Deppeler is a graduate of Stevens 
Institute of Technology, Class of 1906. 
He entered the employ of the Metal & 
Thermit Corp. in 1912 and became their 
chief engineer. 

Mr. Deppeler is one of the founders of 
the AMERICAN WELDING SOCIETY and 
was its second president. He is still active 
in the affairs of the Socrety and is cur- 
rently chairman of their Filler Metal 
Specifications Committee. He is also 
chairman of the welding committee of the 
A.S.M.E. Boiler Code Committee. Mr. 
Deppeler has been honored by the So- 
CIETY, having won the Samuel Wylie 
Miller Memorial Medal in 1944, and in the 
same year was made an Honorary Member 
of the Society. He is a Fellow of the 
A.S.M.E. Mr. Deppeler was primarily 
responsible for the development and broad 
applications of thermit welding and as- 
sisted greatly in the development of 
modern shielded arc electrodes. 


CONSULTANT SERVICE FOR 
BRAZING OPERATIONS 


After twenty years’ association as a 
Development Engineer in the Laboratories 
of the General Electric Co., Pittsfield, 
Mass., Walter C. Reed has recently an- 


= 


valves are hand operated by gear from the 
safety deck. 

Power service for the dock is furnished 
through shore cable to a terminal connec- 
tion box. Lighting (120 v. a. c.) is pro- 
vided by connections to a 750-w./120-v., 
single-phase, dry-type transformer through 
the power distribution panel. 





PERSONNEL 


nounced his retirement. Mr. Reed’s out- 
standing achievements were his develop- 
ment of alloys and fluxes and methods of 
making joints involving metal parts. He 
was among the first to perfect the use of 
silver solder for brazing operations. Gen- 
eral Electric has since standardized on the 
application of these alloys and methods in 
the manufacture of their finished products. 
Mr. Reed initiated the application of in- 
duetion heating and resistance heating for 
silver brazing and soft soldering of joints 
on an automatic production basis. 

In the years previous to his work with 
the General Electric Co., Mr. Reed de- 
veloped and patented technical instru- 
ments of many types, including household 
labor-saving appliances, and engineered 
the design and praduction of a wide vari- 
ety of acoustic apparatus. 

At the present time, Mr. Reed has es- 
tablished a Consulting Engineering office 
in Dalton, Mass. 


EVAN F. WILSON JOINS ATOMIC EN- 
ERGY COMMISSION 


The U. S. Atomic Energy Commission 
recently announced the appointment of 
Evan Frank Wilson of Akron, Ohio, as 
assistant director of the Division of Raw 
Materials. 

Mr. Wilson will be responsible for the 
research program of the Division of Raw 
Materials which is concerned principally 
with the development of methods of ex- 
tracting uranium from low-grade domestic 
sources. He will have his headquarters at 
the Commission’s New York Office of Di- 
rected Operations, 70 Columbus Ave., New 
York, N. Y. Prior to his appointment 
with A.E.C., Mr. Wilson, a metallurgical 
engineer, was Chief Metallurgist for the 
Babcock and Wilcox Co., Barberton, Ohio. 

Born in Somerville, Mass., Mr. Wilson 
attended the University of Maine and the 
Massachusetts Institute of Technology 
from which he received his Bachelor of 





Ten sets of movable bilge block. anq |, 
sets of keel blocks were installed on th, 
working deck. The untreated white oa 
timbers that are used for these blocks were 
fastened together with steel dogs and hely 
in position by welded angle clips and bolt 
Sixteen sets of fixed bilge blocks, cight oy 
each side, have been installed, 








Science degree in 1926. He also did grady 
ate work for two years at Carnegie Insti. 
tute of Technology, Pittsburgh. Follow. 
ing his graduation, he worked with Jeffer 
son Union Corp., Lockport, N. Y.; the U 
S. Naval Gun Factory, Bureau of Ord 
nance, Washington, D. C.; the U. § 
Bureau of Mines, Pittsburgh, and th 
Frontier Bronze Corp., Niagara Falls, N.Y 

John K. Gustafson is director of th. 
Division of Raw Materials. Other mem 
bers of the Division include Jesse C. John. 
son, the assistant director in charge of 
plant operations and the ore purchase pro 
gram in the Colorado Plateau area, and 
Dr. Phillip L. Merritt, assistant director in 
charge of exploration and resources de 
velopment activities and foreign ore pur 
chases. 


HESS HONORED 


Prof. Wendell Frederick Hess, of Rens 
selaer Polytechnic Institute, will receive 
the 1948 Wetherill Medal of The Franklin 
Institute, Dr. Henry B. Allen, executive 
vice-president and secretary, has at 
nounced. 

The medal is awarded ‘‘in consideratior 
of his outstanding contributions to the art 
and science of welding, notably in the field 
of electric resistance welding’’ and will be 
presented to Hess by Richard T. Nall 
president of The Franklin Institute, 
traditional Medal Day ceremoni 
Philadelphia next October 20th 

Professor Hess was born in Troy, N. \ 
on Jan. 1, 1903. He received his Doctor 0! 
Engineering degree in 1928 from the Rens 
selaer Polytechnic Institute and was 4) 
pointed instructor in electrical engineering 
and physics at the Institute. He was soor 
advanced to the post of assistant professor 
and in 1937 was transferred to the depart 
ment of metallurgical engineering whic! 
had recently been established. In 1938 h 
was made an associate professor and h 
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Welding Production 
Goes UP 
When AO 

uraweld Goggles 
Go ON! 





Why? Because new, specially designed side 
shields keep distracting light rays from welders’ 
eyes while providing protection from sparks and 
splashes. Result: more and better beads! Comfort 
features aid work output, too—indirect ventilation 
reduces fogging ... eyecups are set for wide angle 
vision, have comfortable, snug-fitting edges and fit 


the contour of each eye. 





American &@ Optical 














The insulated ball chain bridge and the rubber one- 


piece headband adjust in a jiffy. The Duraweld is 
prime protection in acetylene welding, cutting, 
brazing and furnace work. Ask for it with 50 mm. 
Noviweld lenses, shades 3, 4, 5, 6 or 8, or with 
Noviweld-Didymium lenses, shades 3, 4, 5 and 6. 
Cover lenses protect both types from pitting. Your 


nearest AO Safety Representative can supply you. 
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of the welding laboratory. In 1945 he re- 
ceived the rank of full professor and in 
1947 became head of the department of 
metallurgical engineering. Professor Hess 
is known in the scientific world for his work 
on the color sensitiveness of photoelectric 
cells, aluminum and aluminum alloy weld- 
ing, as physical photometer, filters for 
photoelectric cell, magnetic properties of 
welded materials, arc, gas and resistance 
welding. 

The John Price Wetherill Medal is 
awarded for discovery or invention in the 
physical sciences, or for new and important 
combination ot principles or methods al- 
ready known. 


SINGLETON PROMOTED 


A new customer engineering service de- 
partment, under the direction of Robert C. 
Singleton, has been established by the Nel- 
son Stud Welding Division of Morton 
Gregory Corp. at its Lorain, Ohio, head- 
quarters. 

A staff of engineers and metallurgists in 
this department will devote their entire 
ittention to the development of new stud 






STRESS-STRAIN RECORDERS 


Bulletin 262, a new 32-page catalog of 
Baldwin stress-strain recorders and strain 
followers, is announced by the Baldwin 
Locomotive Works, Testing Equipment 
Dept., Philadelphia 42, Pa. 

The bulletin describes, with pictures and 
diagrams, the basic principles of the vari- 
ous types of Baldwin recorders; gives the 
distinguishing features of 24 different re 
corders for all common makes of testing 
machines; and describes more than 50 
extensometers, compressometers and de 
flectometers that can be used with the re- 
corders 

The bulletin also shows typical stress- 
strain curves as prduced by recorders, in- 
cludes common testing accessories, and 
four types of strain gages 


CHEMICAL FORMULARY 


The Chemical Formulary, Volume VIII, 
H. Bennett, Editor-in-Chief. Price $7.00. 

Buyers of the previous volumes will wel 
come this new addition to the series as it 
contains thousands of additional, new, 
practical and tested formulae, some of 
which have never before been published. 

Behind the contents of Volume VIII 
stand the integrity and scientific knowl- 
edge of some of America’s leading indus- 
trial and research chemists. The formulae 
you will find here are the result of long 








welded fasteners and production units to 
aid manufacturing and construction firms 
in eutting costs through the use of stud 
welding. Wartime applications of this 
technique, originally developed to aid ship- 
building, are credited with saving more 
than 100,000,000 man-hours 


NEW LITERATURE 


years of research and millions of dollars 
spent on experiments. 

This book will bring you a great fund of 
ideas, information, data and formulae that 
would otherwise be accessible only after 
consulting dozens of books. 

It will keep you abreast of the latest de 
velopments and trends which affect all 
business and industry Whatever your 
formulation problems may be, you are sure 
to find invaluable information here whether 
you are a chemist, engineer, executive, 
manufacturer or layman. 

Chemical Publishing Co., In 
St., Brooklyn 2, N. Y 


, 26 Court 


ELEMENTARY AND APPLIED WELDING 


Elementary and Applied Welding, by 
Herbert P. Rigsby and Chris Harold 
Groneman, both of the College of Texas, 
College Station, Texas, published by The 
Bruce Publishing Co., 540 N. Milwaukee 
St., Milwaukee, 1, Wis. Price $2.00 

This book contains material especially 
adaptable to the beginning student in both 
oxyacetylene and are welding. Basic pro- 
cedures are given and are fully illustrated 
with photographs and sketches so that the 
learner is guided methodically from the 
most simple to the more complicated proc- 
esses involved in the projects. 

The informational materia! is restricted 
to industrial opportunities, commercial 
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This expansion of customer engi 


ering 
services was announced by Leonard ¢ 


Barr, vice-president of the compa 


Y and 
general sales manager of the Stud \ Iding 
Division, in conjunction with the appoint. 
ment of Singleton. He pointed out that 
this work—heretofore conducted large}, 
on the west coast—is being centralized a 
Lorain where accessibility to the nation’: 


chief metal working centers will facilitate 
speedy service. 

Nelson’s field engineers will continue to 
work directly with customers, and wil] fy 
backed up by specialists in machine design, 
welding metallurgy and the other technica] 
problems encountered in the development 
of new stud welding applications. 

Singleton, who joined the stud welding 
organization in 1945 as field engineer and 
has served as its chief metallurgist and 
technical adviser at Lorain, will be in 
charge of engineers and metallurgists in the 
new engineering service department at th 
Lorain plant. He is a member of the 
AMERICAN WELDING SOCIETY and th 
American Society for Metals, and a grady 
ate of the University of California } 
metallurgical engineering. Prior to joi: 
ing the Nelson organization, he wa 
lurgical engineer with the Joshua He: 
Iron Works at Sunnyvale, Calif 





methods, tools and equipment, met 
safety practices 

The projects, or problems, have b 
signed to appeal to the industrial 
and to the home craftsman. Each proj 
is illustrated by a complete job procedur 
The projects include articles which will 
found useful in the home, the yar 
school or home workshop, and a ft 


cellaneous ones 


NEWSY WELDING MAGAZINE 
DISTRIBUTED BY AMPCO 


A quarterly magazine chock-full 
formation on welding with Ampco Bb: 
Electrodes is distributed by tne Wel 
Sales Dept. of Ampco Metal, Inc., M 
kee 4, Wis 

Called the “Ampco Welding 
the publication contains well-illu 
fact stories telling how others ar: 
Ampco Bronze Electrodes to join at 
lay various base metals. Of inter 
welders is a news item in the July! 
nouncing that samples of Ampco-T1 
are being distributed without ch 
any who want to try this versatil 
trode for welding cast iron and iro! 
per and nickel-alloys, as well as di: 
metals. A copy of the current } 
“Ampco Welding News’’ will be sen! 
on request 
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simpler! 
works better! 


costs less! 





EVERYTHING FOR WELDING 


NCG is recognized as one of the 
largest organizations of its kind in 
the world. It operates 73 manufac- 
turing plants within the United States, 
offers supply and service by a vast 
network of hundreds of independent 
NCG distributors and warehouse 
stocks. For assured satisfaction in 
your welding and cutting needs. . . 


RELY ON NCG 


Torchweld is more than a line of 
really good flame welding and cut- 
ting apparatus—it’s a factor in eco- 
nomics—in the economics of your 
business. You see .. . NCG knows 
that the test of equipment isn’t com- 
pleted until the product made with 
that equipment has satisfied your 
customers NCG knows that the 
production efficiency of equipment 
has no real meaning until the main- 
tenance liability of that equipment 
is known. NCG knows that equip- 
ment is, in the final word, an influ- 
ence on your profits. 

NCG’s wisdom from 30 years’ ex- 
perience with the overall applica- 
tions of welding in every phase of 
U. S. industry, is built into the 
Torchweld line. Torchweld may be 
said to have “a seasoned business 
man’s” regard for a// your problems. 

And Torchweld pleases the man 
in the goggles just as much. When 
he uses the famous “54” Welding 
Torch, for instance, he recognizes 
instantly that the new, revolutionary 
**Stab-L-Flow”’ mixer gives him 
greater speed and better welds. He 
finds that the welding flame is truly 
stabilized, and that his torch doesn’t 
pop and can’t backfire. 

If he uses the “75” Hand Cutting 
Torch he beams his astonishment at 
the swift ease with which it sails 
through steel up to 20 inches thick. 
He is proud of the clean, square 
faces and the narrow kerf. He is sure 
to become enthusiastic about the 
Stainless steel head and the smooth- 
working diaphragm-type high pres- 
sure oxygen valve. 

But these promising examples are 
just typical of the entire quality 
Torchweld line—that costs less, both 
initially and to use—that’s simpler 
and works better, no matter to what 
task it’s assigned. Send today for 
the new, complete Torchweld cata- 
log that’s sure to point a way to 
profitable improvement in your 
business. 


NATIONAL CYLINDER GAS COMPANY 
840N. MICHIGAN AVE., CHICAGO 11, ILL. 


Copr. 1948, National ¢ fe 


















of the welding laboratory. In 1945 he re- 
ceived the rank of full professor and in 
1947 became head of the department of 
metallurgical engineering. Professor Hess 
is known in the scientific world for his work 
on the color sensitiveness of photoelectric 
cells, aluminum and aluminum alloy weld- 
ing, as physical photometer, filters for 
photoelectric cell, magnetic properties of 
welded materials, arc, gas and resistance 
welding. 

The John Price Wetherill Medal is 
awarded for discovery or invention in the 
physical sciences, or for new and important 
combination of principles or methods al- 
ready known. 
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A new customer engineering service de- 
partment, under the direction of Robert C. 
Singleton, has been established by the Nel- 
son Stud Welding Division of Morton 
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quarters. 
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this department will devote their entire 
attention to the development of new stud 





STRESS-STRAIN RECORDERS 


Bulletin 262, a new 32-page catalog of 
Baldwin stress-strain recorders and strain 
followers, is announced by the Baldwin 
Locomotive Works, Testing Equipment 
Dept., Philadelphia 42, Pa. 

The bulletin describes, with pictures and 
diagrams, the basic principles of the vari- 
ous types of Baldwin recorders; gives the 
distinguishing features of 24 different re- 
corders for all common makes of testing 
machines; and describes more than 50 
extensometers, compressometers and de- 
flectometers that can be used with the re- 
corders. 

The bulletin also shows typical stress- 
strain curves as prduced by recorders, in- 
cludes common testing accessories, and 
four types of strain gages 


CHEMICAL FORMULARY 


The Chemical Formulary, Volume VIII, 
H. Bennett, Editor-in-Chief. Price $7.00. 

Buyers of the previous volumes will wel- 
come this new addition to the series as it 
contains thousands of additional, new, 
practical and tested formulae, some of 
which have never before been published. 

Behind the contents of Volume VIII 
stand the integrity and scientific knowl- 
edge of some of America’s leading indus- 
trial and research chemists. The formulae 
you will find here are the result of long 











welded fasteners and production units to 
aid manufacturing and construction firms 
in cutting costs through the use of stud 
welding. Wartime applications of this 
technique, originally developed to aid ship- 
building, are credited with saving more 
than 100,000,000 man-hours 


NEW LITERATURE 


years of research and millions of dollars 
spent on experiments. 

This book will bring you a great fund of 
ideas, information, data and formulae that 
would otherwise be accessible only after 
consulting dozens of books. 

It will keep you abreast of the latest de 
velopments and trends which affect all 
business and industry. Whatever your 
formulation problems may be, you are sure 
to find invaluable information here whether 
you are a chemist, engineer, executive, 
manufacturer or layman. 

Chemical Publishing Co., Inc., 
St., Brooklyn 2, N. Y 
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Groneman, both of the College of Texas, 
College Station, Texas, published by The 
Bruce Publishing Co., 540 N. Milwaukee 
St., Milwaukee, 1,, Wis. Price $2.00. 

This book contains material especially 
adaptable to the beginning student in both 
oxyacetylene and arc welding. Basic pro- 
cedures are given and are fully illustrated 
with photographs and sketches so that the 
learner is guided methodically from the 
most simple to the more complicated proc- 
esses involved in the projects. 
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PROCEDURE FOR APPLYING FILLER 
METAL SHAPES 


The Canadian Ramapo, Division of 
Joliette Steel Ltd., Niagara Falls, Ontario, 
has compiled a comprehensive bulletin 
covering the use of wear-resistant, rolled 
and cast nickel-manganese filler metal 
shapes. In general, the bulletin is designed 
to show the wide range of dollar-saving 
applications where filler metal shapes per- 
mit the economical repair of equipment 
and parts, the cost of which would be pro- 
hibitive in many cases, were it necessary to 
use weld rod deposit metal only. 

Clean-cut illustrations show typical ap 
plications of the various shapes and outline 
repair procedure in considerable detail 
Also featured is the use of nickel-manga- 
nese shapes in the welded fabrication of 
complete material-handling units. . .a pro 
cedure which contributes to design simpli- 
city, making possible the construction of 
durable, low-cost, light-weight parts right 
in your own shop. 

This useful bulletin (W-48A) is available 
on request from the above-mentioned com- 
pany. 


ELECTRODE BOOKLET 


The Page Steel & Wire Div. of American 
Chain & Cable Co. Inc., Monessen, Pa., 
has just issued a new booklet DH 45, Page 
Hard Surfacing Electrodes, which consists 
of the following grades: 

Page Special Manganese Nickel Shielded 

Arc Electrodes. 
Page Manganese Shielded Arc Elec 


trodes. 

Page Manganese Nickel Bare Elec 
trodes. 

Page High Carbon Shielded Arc Elec 
trodes. 


Page Medium Carbon Shielded Arc 
Electrodes. 


Each of these electrodes has been de 
veloped to provide a weld metal deposit 
whose particular properties are suited to 
definite welding applications and are out 
standing in their field. 


BULLETIN ON SPOT WELDING 
OF ALUMINUM ALLOYS 


P. R. Mallory & Co., Inc., Indianapolis, 
Ind., announces publication of a new Tech- 
nical Information Bulletin on Spot Welding 
of Aluminum Alloys. 

This technical bulletin contains 36 pages 
printed on coated stock and is profusely 
illustrated with diagrams, photographs 
and specification charts. 

There are fourteen chapters covering all 
phases of the spot welding of aluminum 
alloys, among which are sections on Sur- 
face Preparation, Equipment, Techniques 
and Testing of Spot Welds, and a wealth of 
other material, including an extremely 
complete Bibliography. 

Requests for the Mallory Technical Bul- 
letin on Spot Welding of Aluminum Alloys 
may be directed to P. R. Mallory & Co., 
Inc., 3029 E. Washington St., Indianapolis 
6, Ind. 
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RESISTANCE WELDING ELECTRODES 


A revised edition of Ampco Bulletin 68 
covering Resistance Welding Electrodes 
and Alloys has just been released by Amp- 
co Metal, Inc., Milwaukee 4, Wis. The 
new edition has been revised throughout to 
present an enlarged and up-to-date listing 
of electrodes and accessories available. It 
includes newly designed water-cooled, ejec- 
tor-type holders with patented features 
giving them many times the life of pre- 
viously used holders of this type. 

The increased demand by industry for 
resistance welding electrodes and acces- 
sories is reflected in the growing number of 
items listed in the book. Changing con- 
ditions have been met by new welder tips 
and accessories. New features have been 
incorporated to meet customer require- 
ments. In every way the new bulletin 
emphasizes the desire of Ampco Metal, 
Inc., to serve the production welding field 
with an outstanding line of electrodes and 
alloys 


, MACHINERY BULLETIN 


A 4-page bulletin (No. 51), recently 
issued by the Jensen Machinery Co., Inc., 
of Bloomfield, N. J. describes the facilities 
of this organization for designing and 
manufacturing stainless steel custom-built 
equipment for all industries. 

As pioneer fabricators of stainless steel 
whose designs and techniques are the fruit 
of long, comprehensive manufacturing ex 
perience, and close association with numer- 
ous applications in different fields, the 
company offers exceptional opportunity 
for obtaining special and standard types of 
machinery built to specification. 

Bulletin 51 offers a number of illustra 
tions showing the type of finished equip- 
ment the company is capable of manu 
facturing, and these provide an excellent 
guide for anyone contemplating acquiring 
mechanical units to meet special applica 
tions 


METAL JOINING HEADACHES 
ELIMINATED 


A new 8-page bulletin, containing more 
than 60 illustrations, explains in simple 
nontechnical language, how Eutetic Weld- 
ing Alloys compare with welding and braz 
ing processes. 

Stressing various methods of eliminating 
the usual welding headaches of distortion, 
stress, high temperature defects, the 
Eutectic Welder Bulletin offers every plant 
and shop an opportunity to select the rod 
designed specifically for their particular 
welding problem, whether it is cast iron, 
stainless, steel, aluminum, copper, brass, 
bronze, etc. 

Also featured is the new cutting elec- 
trode, Cuttrode, that whizzes through all 
difficult-to-cut metals without the use of 
special equipment or oxygen. A new fea- 
ture of this bulletin is the detailed instruc- 
tions for use of each and every welding al- 
loy described. 

Showing more than 60 photographs of 
satisfactorily welded equipment and re- 
ferred to as the “Illustrated Production 
Issue, EW-7’’, it may be obtained by writ- 
ing to Eutectic Welding Alloys Corp., 40 
Worth St., New York 13, N. Y. 
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STAINLESS PIPING SYSTEMS 


“Taylor Forge Stainless”’ provir 
and more economical approach to 
piping, which the manufacturers report ; 
have decided advantages. Four~ 
illustrated Bulletin 483 includes drwy 


i new 


inge 


ive 


dimensions and prices of new typ: ittines 
and flanges, available in Stainless 2, 
347, 316 and other materials. Tayjo, 
Forge & Pipe Works, P. O. B Le- 


Chicago 90, Ill. 


CONDENSED CHART PREPARED By 
B&W ON HIGH-TEMPERATURE 
TUBE STEELS 


The Babcock & Wilcox Tube Co. ap 
nounces the publication of a new edition of 
its bulletin on B & W Croloys giving tech 
nical data on high-temperature steels fo, 
alloy tubes and pipe. 

The bulletin offers condensed informa 
tion in chart form on such factors as creey 
strength, short time tensile strength, oxi 
dation and corrosion resistance, temper 
embrittlement and minimum physical 
properties. It is designed as a convenient 
guide showing some of the materials whic! 
are available for processing into tubes an 
pipe for meeting varied high-temperatur 
requirements. 

The bulletin may be obtained by writing 
to the Advertising Dept., Babcock & Wil 
cox Tube Co., 85 Liberty St., New York 
City. 


SEAM WELDERS 


An 8-page technical bulletin (Bullet 
No. 804)—describing its new lin 
“quick follow-up” roller head s« 
ers which embody many new and exclu 
features—has been issued by Progr 
Welder Co., Detroit 12, Mich rt 
comprises three basic sizes for li 
medium, and heavy duty work, ea 
being available in three types—for cit 
welding, for longitudinal welding, 
both circular and longitudinal 
(‘‘Universal’”’ model). 

Among the outstanding featur: 
in the bulletin are use of a head complet 
guided and aligned by four sets of 
friction rollers, insuring that welding 
wheels will follow up and down eve! 
tremely small deviations in material t 
ness and contour; special fram: 
struction giving maximum st! 
where needed, plus complete access! 
larger throat clearance than usual for bt 
work; transformer close coupled to 
ing arms to reduce current los 
specially developed copper alloys for 
mum strength where strength is needed 

Used either for continuous, water or g 
tight seam welding, or for roll-spot 
ing, these machines function equally 
when welding cold rolled, staink 
various alloy steels; aluminum and 
non-ferrous metals; and various ty 
coated metals 

Important points of design and 
tions of the welders are made plai 
text, closeup photographs, and 
drawings. Numerous special Prog! 
seam welders are also pictured. 


? 


4 





SEPTEMBER 











4 ney 
inge, 


ort ty 


BY 
E 


0. an 
10n of 
' tech 
‘ls for 


OTma 
creep 
l, OXI 
emper 
ysical 
nient 
whic! 


BER 





- WELDERS 





SMiTHway 
Certified ELECTRODES 


made BY welders 
... FOR welders 


A. O. Smith originated modern 


heavy coated electrodes and 
modern welding techniques. 
Proof of SMITHway Electrodes 
has been given repeatedly in 
their huge production record. 
More than 320,000 have been 
used daily in A. O. Smith plants 
...millions more, by other 


manufacturers. 


Seld by Distributors Everywhere 
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SMITHway Welders stand up under heavy 
production service that punishes other weld- 


The complete line of SMITHway A. C 
Welders includes general-purpose models 
rated at 150, 200, and 300 amperes; heavy- 
duty models rated at 300, 400, and 500 
amperes; limited input utility welder, 180 


ing machines. Built-in surplus strength and 
extra power mean the difference between 


failure and performance... at atime when 


you need a welder that will perform. amperes, operates on 230-volt A. C. power. 


There is a SMITHway A. C. Welder specially designed to 
do your job—and do it better at less cost. Half a century of 
welding experience in A. O. Smith’s own plants is embodied 
in the tough excellence of these precision-built machines. 
Rugged, trouble-free, accurate, safe—they speed output and 


cut costs. For all the facts, send the coupon—now! 


A. O. Wd 


Corporation 











New York 17 * Philadelphia 5 * Pittsburgh 19 * Cleveland 4 

Atlanta 3 * Chicago 4 * Tulsa 3 * Midland 5 * Dallas 1 * Houston 2 

New Orleans 18 * Seattle 1 * San Francisco 4 * Los Angeles 14 
International Division: Milwaukee 1 


@eeeeeeoceaeaeaeeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeePmeaeneeeeneeer 
A. ©. SMITH Corp., Dept. WJ-948, Milwaukee 1, Wis. 
Without obligation, send us complete information on: 


C) SMITHway Heavy-Duty A.C. Welders SMITHway General-Purpose A.C. Welders 


& | SMITHway Limited Input Utility Welder SMITHway Certified Electrode Catalog 
Nome Firm 


Street City State 
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NEW PRODUCTS 


The Society assumes no responsibility 
for the validity of claims in this section 


SILICON BRONZE ELECTRODE 


The Air Reduction Sales Co. has an- 
nounced the immediate availability of the 
new Silicon Bronze Electrode. According 
to the manufacturer these electrodes may 
be used for the welding of silicon bronze 
base metal, copper and for joining galvan- 
ized iron and silicon bronze to steel. It is 
believed that this new electrode will find 
wide acceptance in the manufacture of 
chemical and food processing equipment, 
sewer disposal equipment and hot water 
tanks. According to Air Reduction their 
new Silicon Bronze Electrode offers the 
following advantages: 


1. Soft, spray type, shielded arc action. 

2. Very low spatter loss. 

3. Exceptional free flowing, dense de- 
posit. 

4. Very easy slag removal. 

5. Crack-free welds. 

6. Unusually smooth deposits. 

7. All position welding. 

8. Ability to weld silicon bronze, cop- 
per, iron base and dissimilar met- 
als. 


The new Airco Silicon Bronze Electode is 
available in 5 diam. ranging from */32 to 
1/, in. and varying in length from 11 to 18 
in. The new electrode may be purchased 
in standard 50-lb. packages. If you would 
like a free demonstration of this new elec- 
trode in your own welding shop write the 
Airco Sales Office nearest you. 


FLUX RECOVERY EQUIPMENT 


Invincible Vacuum Cleaner Mfg. Co., 
Dover, Ohio, has prepared a new folder de- 
scribing their Flux Recovery Equipment 
for submerged arc welding. This folder 
fully describes the benefits of such equip- 
ment, basic feature of design, models avail- 
able, and typical installations. 

Because of the growth of submerged arc 
welding, Invincible Flux Recovery Equip- 
ment is finding an ever-growing market. 


WELDING LENS 


The American Agile Corp. of Cleveland, 
Ohio, announces its new, improved Agile 
Metalklad Welding Lens. These lenses, 
due to their high light reflection and ab- 
sorption qualities eliminate arc glare, in- 
crease welding efficiency from 15 to 50%, 
increase visibility 42% and afford 100% 
more eye protection. These features are 
possible because a new hard and durable 
alloy of high reflectivity is now being used 
for the coating. The basic dark welding 
lens is clad with this coating on the outside 
surface, achieving a hard, transparent, 
mirror-like surface which completely re- 


flects ultraviolet and infrared rays given 
off by the electric arc. The repelling of 
these rays decreases eye fatigue and eye 
strain of the welding operator. Metalklad 
lenses are now in mass production and are 
available in any quantity. For additional 
information and prices, write to the Ameri- 
can Agile Corp., 5806 Hough Ave., Cleve- 
land 3, Ohio. 


X-RAY DIFFRACTION 


Broad, new fields of application for 
X-ray diffraction in the identification and 
quantitative analysis of unknown materi- 
als have been opened by a high-precision, 
high-output machine revealed for the first 
time this week by General Electric X-Ray 
Corp., Milwaukee, Wis., a G-E affiliate. 

The unit, with its many attachments, 
was shown in an exhibit, and described in 
two papers read before the International 
Congress of Crystallography held July 
28th to August 3rd at the Harvard Uni- 
versity Department of Mineralogy. 

One attachment, the fluorescent ana- 
lyzer, greatly extends the range of compo- 
sition of materials which can be analyzed, 
in comparison with that possible when us- 
ing optical spectrometers. 
















Another group of attachments, which 
make possible the direct recording of 
X-ray intensities on a continuous strip of 
chart paper, save countless hours of labora- 
tory time by revealing both the angular 
placement of the characteristic lines of ma- 
terials and their relative intensities. 

The new unit couples, for the first time, 
precision control of X-ray output with 
high X-ray intensity. Hitherto, such ac 
curacy could be achieved only at the ex- 
pense of intensity. This was reflected in 
the comparatively low milliamperage at 
which such machines were operated. Now, 
accurately controlled X-ray diffraction 
beams of higher intensity can be produced. 
The tube can be operated at milliamper- 
ages up to 30. 

The new instrument may be used, with 
different attachments, for three different 
purposes: 
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One of these is for the direct n 
ment of X-ray diffraction intensitie. 
through the use of a Geiger-Miiller counte, 
in combination with a rate mete: 
and chart recorder. The counter js 
pable of counting diffracted X-ray quan; 
lineally over a longer range of int: 
than ever before possible. The rate ; 
ter, which is matched with the strip char; 
recorder, has a logarithmic respon 
three decades. 

The second manner in which the ypj 
may be used is as a fluorescent X-ray spe 
trometer, employing a focusing cryst, 
analyzer. 

Third, it may be employed, with X-ray 
sensitive film, as a conventional X-ray 
diffraction unit. 

Of particular significance is the radi 
departure in external design. All appara 
tus except the chart recorder is incorpo 
rated into an attractive desk-type consok 
with the top free from obstructions around 
and under the tube. The tube mounting 
permits quick and accurate change of X 
ray tubes. Either the direct-recording ap 
paratus or the fluorescent analyzer can by 
used simultaneously with the precisio: 
track for conventional diffraction radio 
graphic cameras. 

The X-ray quanta count scaler is u 
to measure the time required to produce 
pre-selected number of counts so that prot 
able accuracies within 2, 1'/s, 1, */, and 
1/5% can be pre-selected. This permits 
sealing high X-ray intensities without 
concern for the limitation of a mechani 
impulse counter, produces data of uniforn 
probable accuracy and minimizes the tim: 
spent in collecting data. 

A self-contained X-ray tube cooli 
system eliminates plumbing and oper 
tional difficulties associated with conver 
tional tap-water systems. 
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TIP CLEANER DEVICE 










Those who use welding equipment wi 
be happy to know of the development of 
new Tip Drill Kit, manufactured by the | 
M. Ragle Industries of Kansas City, M 
















The kit is approximately the size ol 
automatic pencil, and is designed wit! 
pocket clip so that it can be carried in t! 
pocket mush in the same manner 
pencil. 









The end is a tempered steel double-en 
chuck holding drill sizes 45-80. The hat 
die holds 24 different size drills. Twels 
assorted drills in even number sizes 52-74 
inclusive, are supplied with the kit 

Since this tip-cleaning tool actually uses 
carbon steel drills, most every welding t!! 
can be cleaned and reconditioned in a | 
ter of a minute or two. 

The kit retails at $3.50, and is avai 
at most welding equipment dealers. 
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us DC arc-welder users: Standardize on dependable 
ob P&H WA-200 — r faster work, lower costs 
e end 


me (( is heat at th f your electrodes that speeds welding, reduces costs. And, it’s the 
a ability of P&H WA-200 DC arc welders to produce this heat — hour after hour — that 
; maintains stepped-up production \chedules. 




























So, if you use DC arc welding machines, here are a few reasons why it pays you to 
turn the heat on production with WA-200’s: 


Simplified contro! speeds and improves the work — Operators obtain any desired welding current 
with one simple control. Volt-ampere regulation is automatic— there is no fussing with dials, 
gadgets, or special instruments. Your operators save time because it is so easy to select exactly the 
right welding heat. The work improves — welds are sounder and better-looking. 














More’ flexible service reduces your welding equipment investment — Square frame design 
permits stacking of machines. Units can be cut in and out of parallel, providing a more flexible 
service and a much wider welding range. When stacked for multiple service, a simple paralleling 
switch quickly provides service for one or two operators. No other welder offers this advantage. 


Sturdy construction — There are only two major parts in a WA-200 —the rigid one-piece frame 
and a husky rotating member. The frame prevents misalignment and eliminates vibration, making 
possible long continuous operation. 





Dynamically balanced rotating member — is mounted in large grease-lubricated ball bearings. 
You benefit from smoother, quieter operation, high mechanical efficiency, minimum maintenance 
requirements, and longer life. 





Efficient cooling — a large multiple-blade fan forces a constant stream of air through the machine. 
Destructive heat is removed, insulation stands up, and trouble-free operation is assured. 
WA-200's have a welding service range from 30 to 285 amps per single unit. Less than 3!/) square 
feet of floor space accommodates this com- 
pact welder. 








Let your P&H representative or distributor 
show you why WA-200’s get your work out 
faster and save production time and money. 
Write us for latest bulletin W34-4. 








ARC WELDERS 


4551 West Nationa! Avenue 
Milwaukee 14, Wisconsin 
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RECTIFIER TUBE 


Electons, Inc., 127 Sussex Ave., Newark, 
N. J., announce the development of a fast 
deionizing, temperature-free, grid con 
trolled rectifier tube type 5528 (C6L) 


This tube is designed especially for high 
power servo motor control or inverter ap- 
plications which must operate at up to 800 
cycles, and where utmost reliability and 
stable characteristics are required over 
wide ambient temperature ranges. 

Pertinent electrical characteristics are: 
60-sec. heating time; 500 peak inverse 
volts; 6.4-amp. steady D.-C. current and 
77 peak amp. 


HARD-SURFACING ELECTRODES 


To extend its complete line of hard-fac 
ing electrodes The Lincoln Electric Co., 
Cleveland, Ohio, is now producing two 
new electrodes of the coated tubular type 
for depositing super-abrasion resisting sur 
faces of weld metal. Tubular electrodes 
are steel tubes in which is contained the 
hard-surfacing alloy in a concentrated 
form. The alloy is deposited into the mol- 
ten crater where it is either bonded into a 
tough iron alloy matrix or alloyed by the 
heat of the arc with the base metal to cre- 
ate the final hard-surfacing alloy. This 
type of rod gives a higher consistency of 
hard-surfacing alloy at a lower cost than is 
possible with the cast rod. 

Tungweld-C is a tubular, light coated 
electrode which contains in the tube coarse 
particles of tungsten carbide. The par 
ticles are deposited by the arc in the weld 
crater and as the weld solidifies are held in 
a tough iron alloy matrix. The result is a 
weld deposit superior to all other types of 
deposits in resisting abrasion. When the 
edge of the deposit is subjected to abrasive 
wear, the iron alloy and the base metal 
wear away exposing the teeth-like particles 
of tungsten carbide, thus producing a self 
sharpening edge. 

Tungweld-C is recommended for use for 
surfacing earth cutting tools when a jagged 
rough, self-sharpening edge is required, 
and for facing other tool surfaces to resist 
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extremely severe abrasion. A churn bit 
that had been surfaced with Tungweld-C 
drilled through sand, shale and gravel 
900° further than bits that had not been 
hard faced. Scraper blades, dipper teeth, 
oil well drilling bits, muller plows scari 
fier teeth when hard faced with Tungweld- 
C all have greatly increased performance 
lift under the toughest of service condi- 
tions, thus saving hours normally lost in 
downtime 

Tungweld-F is a shielded are tubular 
electrode containing fine particles of tung- 
sten carbide. It is for use on earth cutting 
tools but produces a smoother, thinner and 
sharper edge than the rough edge of Tung- 
weld-C. The tungsten carbide particles 
are so small that they will not stick out 
like teeth as do the coarser particles, and 
are so close together that they are not un- 
dermined by the abrasion of a blast of 
muddy sand. Tungweld-F is used for tools 
that cut material such as cane, ensilage, for 
mixing blades, dredge cutter blades, coal 
cutter bits, tool joints, post hole augers and 
pug mill knives and augers. 

Tungweld-C and Tungweld-F are avail 
able in 14 in. length in '/, in. size, packed 
in 5-lb. containers. 

The water well drilling cable tool bit 
illustrated herewith, is a typical hard sur- 
facing application for superabrasion resist 
ing Tungweld. Depending upon the ma- 
terial through which the bit is drilling, 
either Tungweld-C or Tungweld-F may be 
applied to the outside edge of the bit. This 
particular bit drilled 278 ft. or 900% deep- 
er than the normal hot forged bits before 
needing refacing again. 


AIR REDUCTION ADDS SOAPSTONES 
TO SUPPLY LINE 


In response to increasing demands for 
the item the Air Reduction Sales Co. has 
announced the addition of soapstones to 
their complete line of welding supplies. 

Soapstones,. also referred to as Talc 
Crayons, have many uses in the metal- 
working field. Oxyacetylene burners use 
them for sketching the contour of shapes 
to be cut. Welders use them to mark lap 
joints and stock handlers find soapstones a 
necessary item for the marking of sheet 
metal to be stocked. 

Air Reduction will market a */).- x '/2- x 
5-in. long soapstone, packaged one gross to 
a carton. Unless specified on an order for 
other materials these soapstones will be 
sold in a minimum quantity of six. 
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SAMPLE ELECTRODES OFFERED 
BY AMPCO 


Ampco Metal, Inc., Milwauk¢ 
is offering to send without charg: 
ers, three sample rods of Ampco-7; 
aluminum bronze electrodes so 
welder can prove for himself the ve; 
of this bronze rod which will weld 
and iron copper- and nickel-base 
well as dissimilar metals. 

Heretofore the welder had to toc] 
number of specialty rods to weld varioy 
base metals but by using Ampco-Trode | 
excessive inventories are eliminated 

The welder has a choice of diamet 
’ 1/3, ® /.¢ in., but only o1 


eT 
I 
3 


32, “/ 8» 32 OF 
eter rod will be given on this fre 


Those interested are invited to write ; 


Ampco Metal, Inc., Milwaukee 4, Wis 


SEAM WELDERS 


A complete new line of roller-head 
welders embodying many new and ex 
sive features has been announced by Pr 
gressive Welder Co., 3050 E. Outer Driy 
Detroit 12. The line comprises three bas 
sizes—light, medium and heavy duty 
Each size is available in three types—for 
circular welding, for longitudinal welding 
or for both circular and longitudinal wel 
ing (‘‘Universal’’ models) 


Among the outstanding features o! 
new line is the use of a head comple! 
guided and aligned by four sets of antifn 
tion rollers, insuring that the 
wheels will follow up and down evs 
tremely small deviations in material th! 
ness and contour. Asa result it is p 
to maintain constant weld pressur 
where stock thickness varies alons 
seam, assuring consistent even weld 
acteristics. 

The rollers are matched in pat 
justable preloaded, and guide the h« 
full length of its vertical travel, rid! 
positive alignment V-guides on hat 
and precision ground ways 
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PHILADELPHIA - OCTOBER 25 - 29, 





Alloy Steel has assumed such a tremendous role of such primary importance in so many 
essential industries, that the American Society for Metals welcomes this opportunity to dedicate 


as the theme of the 30th National Metal Congress & Exposition — 


Alloy Steel is a truly American achievement. Since 
the tremendous improvement in Alloy Steel during 
the past 30 years has paralleled the growth and 
importance of the American Society for Metals, it 
is fitting that the 20,000 members of this society, 
who represent the Alloy Steel producing and con- 
suming industries, should sponsor this well-deserved 
tribute. 


BRILLIANT TECHNICAL PROGRAM 


A vast panorama of progress in Alloy Steel produc- 
tion and fabrication will be presented at the 
Philadelphia Metal Congress & Exposition. A 
brilliant program of over 100 stimulating and help- 
ful technical papers on all aspects of Alloy Steel 
will be presented by recognized authorities at the 
Metal Congress. 


DISTINGUISHED SERVICE AWARDS 


An outstanding feature of this diamond jubilee of 
Alloy Steel will be the presentation of “Distinguished 
Service Awards” to individuals who, by research, 
improved manufacturing processes,experimentation, 





"A Salute to Alloy Steel”. 


new applications and various other means, have 
contributed to the improvement, development and 
acceptance of Alley Steel. Nominations for these 
awards will come from the entire metal industry 
and will be judged by a special Awards Commitiee 
of top-ranking executives. 


THE DRAMA OF ALLOY STEEL 


Along with the distinguished displays of over 350 
manufacturers and processors of metals and metal 
products will be a spectacular dramatization of the 
75 years progress in Alloy Steel. Occupying the 
entire stage of Convention Hall, this exhibit will 
give visitors to the Exposition the complete story 
of Alloy Steel. 


From all over the nation, metal men are making 
plans to come to Philadelphia for this great jubilee. 
Don’t miss it—make your arrangements TODAY! 


Sponsored by the American Society for Metals in co-opera- 
tion with the American Welding Society, the Institute of 
Metals Division of the American Institute of Mining and Metal- 
lurgical Engineers, and the Society for Non Destructive Testing. 


WRITE OR WIRE COLLECT 


W. H. Eisenman, Managing Director 
National Metal Exposition 
7301 Euclid Avenue—Cleveland 3, Ohio 
UTah 1-0200 
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This construction has been made suc- 
cessful by the frame design of the new ma- 
chines. Instead of having a fairly uniform 
cross section, the front of the machine col- 
umn is extremely rigid and well braced, 
while the rear of the column-—where there 
are negligible stresses—is of fairly light 
construction designed to provide maximum 
accessibility to all components inside the 
machines. 

The seam welders may be used either 
for continuous, water- or gas-tight seam 
welding, or for roll-spot welding and may 
be used for cold-rolled steel, stainless or 
other alloy steels, aluminum and other 
nonferrous alloys as well as various types 
of coated metals. 


CONDENSER WELDPOWER 


Raytheon Manufacturing Co., Wal- 
tham, Mass., has announced the release of 
a new model of the Freshman 200 M.F.D. 
Condenser Weldpower. 

The Freshman is designed for high-speed 
precision welding of both ferrous and 
nonferrous metals and is particularly appli- 
cable in industries which manufacture 
radio tubes, jewelry, aircraft, telephone, 
surgical and optical equipment as well as 
electrical parts, switches, radio parts and 
small fabricated metal parts. 

































































Easy to install and operate, the weld- 
power unit is electronically controlled and 
operates from a 115-v. lighting circuit. It 
delivers a high current at low voltage to 
the welding electrodes and provides a pre- 
cise amount of energy to the weld. The 
level of energy delivered by the unit is ad- 
justable over a wide range—from 3.5 to 63 
watt-seconds. The weldpower is ready to 
operate when plugged into a standard 115- 
v., 60-cycle lighting circuit, connected to 
the welding head and adjusted to the de- 
sired level of energy. 

The unit is ideal for welding metals of 
high thermal conductivity such as alumi- 
num, copper and phosphor-bronze which 
require precision welding methods. Con- 
ventional welding equipment demands a 
power source of high capacity to develop 
the currents necessary to weld such metals, 
whereas weldpower units work on the 
stored energy principle. Energy is ac- 
cumulated and stored for each weld opera- 
tion in the interval between welds. The 
energy delivered to the welding head great- 
ly exceeds the instantaneous demand on 
the 115-v. power source. Thus the neces- 
sity of expensive power lines, having high 
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current capacities, is eliminated and extra 
savings are obtained where charges for 
power are based on peak loads. 

A bulletin describing the Freshman Con- 
denser Weldpower is available and may be 
obtained from Raytheon’s Product Infor- 
mation Office, Waltham 54, Mass. Litera- 
ture is also available on larger and smaller 
Raytheon electronic welding equipments. 


COMBINATION WELDER CONTROLLER 


The new Class 8992 Type BBG-1 com- 
bination controller developed by the 
Square D Co., Milwaukee, Wis., provides 
complete electrical control for a small foot 
or motor operated resistance welding ma- 
chine. The single enclosure contains a 
N.E.M.A. 1A pneumatic weld timer, a size 
1W, 100-amp., high-speed magnetic welder 
contactor and a control transformer. 






























































For operator safety the initiating switch 
and control circuits operate at 110 v. iso- 
lated from the power supply. The timer is 
mounted on a Safront swingout panel with 
the adjusting dial on the front and all ener- 
gized parts in the rear. 

Controllers are designed to permit either 
common or separate control supply con- 
nections. A dual primary control trans- 
former may be connected for 110, 220 or 
440 v., 60 cycles or for 380 v., 50 cycles. 

Combining the timer and contactor in a 
single unit with all interwiring provided 
greatly reduces cost of material and labor 
required for, installation. Rugged con- 
struction and simplicity of operation make 
this unit ideal for small shops. For com- 
plete details, address Square D Co., 4041 
N. Richards St., Milwaukee 12, Wis. 


WELDING AND HEATING TORCH 


Now in production by Weldit, Inc., is 
their Model 160 and 160-G, super welding 
and heating torch. This is a 3-hose torch, 
using two tanks of acetylene and one of 
oxygen. It is of particular advantage in 
welding, heating or brazing broken parts 
on heavy machinery, expanding tie rods, 
for heavy press installations, for bending 
large diameter pipes and wherever rugged 
maintenance work is needed. 

A particular feature of the 160 torch is 
the quick operating oxygen cut-off which 
instantly and automatically shuts off the 
oxygen supply. The torch is also supplied 
with 2-valve control for using propane, 
natural or manufactured gas and oxygen 
for heating purposes. 
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The torch has a sturdy brass handle an 
Monel tip-tube. The over-all length jg 5) 
in., weight is 61b., 120z. Can be fur nished 
for welding or with multiple-flame tips for 
heating. 

The Model 160 torch is now in use by , 
number of large industrial users, in luding 
various General Motors units and Ford of 
Canada. 

Further information and prices may }y 
obtained from Weldit, Inc., 990 Oakima, 
Blvd., Detroit 6, Mich. 


WATER-COOLED EJECTOR-TYPE 
HOLDER FOR SPOT WELDER TIPS 


A newly designed water-cooled ejecto; 
type holder for spot welder tip has just bee 
announced by the Resistance Welding 
Dept. of Ampco Metal, Inc., Milwaukee 4 
Wis 


WIDE CLEARANCE BETWEEN WATER 
CONNECTIONS PERAUTS THE USE OF 


POWTIVE LEAKPROCE 


on exten AMO EASILY. REPLACEAME 
eaavy WATER SEAL 
moO 


ee 
rad 





eaert OF 
HGH. CONDUCTIVITY 
AmPCOLOY 97 


WAP ACT REWSTANT 
AMPCO METAL HEAD 





The new holder has proved under pra 
tical operating conditions to be troub! 
free. Welder tips are ejected easily wit! 
light tap on the head, allowing quick r 
placement. 

A feature of the new holder is a positi 
leak-proof and easily replaceable wat 


seal of Sirvene rubber. The head is of ir 
pact-resistant Ampco Metal, an alu 
num-bronze alloy. The ejector sleev 
stainless steel and the barrel is construct 
of Ampcoloy 97, a high conductivity alloy 
Water connections are set at an angle wit! 
sufficient clearance to permit the us 
shut-off couplings or extra heavy hos 


SCALING HAMMER 


The Rotor Tool Co., 17325 Euclid Av 
Cleveland 12, Ohio, announces a new >! 
Scaling Hammer with Lever Throttle for 
the following applications: we'd flux 
ing, weld spatter removal, paint s 
rust removal, etc. 

The new tool, as shown, has a leve! 
throttle so that the tool can be held 
operated in one hand. This is a conv: 
ence for such operations as welding, “ 
operator holds the welding electro 1 
hand, and is also convenient for r 
into recesses for rapid removal of weld { 
scaling. The lever throttle is designed 
that light pressure on the lever 
sufficient air for light work, heavier > 
sure gives full power. The other featur 
of the tool, such as the exhaust air cleanine 
the work of chips and scale, chisel ret 
with easy removal by thumb pressu 
the wafer valve of stainless steel a! 
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CHAMPION WELDERS 


Prefer Champion’s Blue Devil (AWS E60I0) or Blue 
Devil “85” (AWS E7010) Electrodes for Welding Pipe 


Any operator will tell you how difficult it 
is to weld pipe — especially when the job 
requires flat, vertical, overhead and 
horizontal welding. That’s why veteran 
welders insist on the best all position 

electrodes obtainable and greatly favor 

Champion’s Blue Devil electrodes for 
this particular application. Photo shows 
an operator welding 2-1/2”, 3” and 4” 
pipe and using 5/32” electrodes. 


To obtain welds of champion calibre, 
select CHAMPION WELDING ELECTRODES — 
they are everything the name implies. 





Racy PEM yy 


’5E Jay 

RED » 
A “Team” of CHAMPIONS covers 
every welding requirement. Send 


for bulletin describing each elec- 
trode and its application. 


CHAMPION Electrodes are Weld Rated Electrodes 


€HAMPIO 


RIVET COMPANY a, 
CLEVELAND, OHIO EAST CHICAGO, IND. 
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same as the S-1 Scaler with push throttle 
control 

Chisels are furnished in blanks—flats 
ind spoon shapes, and a full line of star 
drills is available in sizes of */;,5 to */, in 


ARC WELDING STUDS 


A new bulletin has been released by 
KSM Products, Inc., Merchantville, N. J., 
which describes fully the arc welding studs 
and are shields manufactured by the com 
pany for a wide variety of industrial appli 
cations 


Standard studs, available from stock in 
sizes from '!/, in.—20 x */, in. to 3 in. long, 
to and including '/» in.—13 x 1 in. to 31/2 
in. long in increments of '/, in. in length 
and !/;,in. in diameter, are described with 
design and construction details clearly 
shown. Also included are chemical analy- 
sis and physical ‘properties’ of steel used, 
fluxing method employed, minimum fillet 
diameters, and thread strength. 

Special studs without threads, large 
sizes, collar studs, welding pads, headed 
studs, and others with S.A.E. threads are 
illustrated and discussed. 

A copy of Bulletin P-7 will be sent upon 
request to KSM Products, Inc., 6512 Park 
Ave., Merchantville, N. J. 


HELIWELD HOLDERS 


An important advancement in the com- 
mercial adSption of inert-gas-shielded arc 
welding has been made possible by the de- 
velopment of new manual equipment for 
production line service. Air Reduction’s 
Airco Manual Heliweld Holders provide a 
heavy-duty, water-cooled holder ideally 
suited for production work but equally 
suited for any general purpose jobs within 
the range of inert-gas-shielded arc welding. 

The exterior of the holder itself is all- 
plastic, providing insulation against both 
the welding current and the high-fre- 
quency current required for arc-starting 
and arc-stabilization. The plastic used is 
ethyl cellulose, an extremely tough and 
rugged material with exceptionally high- 
impact strength and good moisture resist- 
ance. Its light weight makes possible a 
heavy-duty tool weighing only 28 oz. . .can 
be handled without tiring over long peri- 
ods. The built-in water-circulating sys 
tem, which extends almost to the point 
where the electrode is gripped, prevents 
overheating during prolonged use. 
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Manufactured by Air Reduction, New 
York 17, N. Y 


BRAZING ROD FOR COPPER 


A new development in the field of torch 
welding rods is announced by Eutectic 
Welding Alloys Corp., New York 

Eutecrod 1805FC is recommended for a 
broad number of production applications 
called for in the joining of copper. It may 
be used with a torch adjusted for slight oxi 
dizing flame, atomic hydrogen or twin car 
bon arc, where no oxyacetylene equipment 
is available. 


Eutecrod 1805FC is a thin-flowing, low 
melting, brazing-type alloy with an unus 
ually high-tensile strength of 90,000 psi 
and a Brinell hardness of 160-180. It is 
available in sizes 1/4, */16, */92 and !/s in 
flux coated and in size '!/;,in. bare. It is 
designed particularly for oil refinery equip 
ment, piping and fittings, roofing repair, 
copper tanks and tubing, copper valves 
and vats, copper kettles, heating appa 
ratus, etc. 

For detailed information write to Eutec 
tic Welding Alloys Corp., 40 Worth St., 
New York 13, N. Y. 


FIELD OFFICE 


A new use for Dravo shipping containers 
is pictured here. This unit was trans 
formed into a temporary field office on a 
construction job iff eastern Pennsylvania 
merely by furnishing it and installing tele- 
phone and electric light. By using the 
portable, weathertight container, the cost 
of building—and dismantling—a tem 
porary wooden structure on the job sit 
was eliminated. Moreover, the steel con 
tainer is fire resistant, providing safer 
storage for blueprints and records, and may 
be shipped intact from job to job, either by 
truck or rail. Dravo containers, designed 


THE WELDING JOURNAL 


primarily to prevent pilferage and facilj 
tate material handling in marine and rajj 
transportation of many different kinds of 
cargo, also are being used as portable too] 
sheds on construction projects. 


HAND SHIELD 


A new lightweight, seamless welding 
hand shield is announced by American 
Optical Co., Southbridge, Mass 


Recommended on operations whe! 
welding helmet is not practical and on 
welding and set-up work, the small, 
pact shield is entirely seamless—ma‘ 
one piece from special fiber. 

The steel welding glass holder of! 
shield is insulated and rivetless. The ! 
handle is 5'/, in. long, is securely riveted 
the body. Without glass, the entiré 
weighs only 11 oz. 

The new welding hand shield is availa! 
with standard Noviweld or Filterweld g! 
plates which insure eye protection ag 
welding hazards. 


j 





ANNUAL MEETING 
American Welding Society 
Bellevue Stratford Hotel 
Philadelphia Oct. 24-29 
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men who supervise construction in hard-to-get-at 
bs asked for it . . . and wrote the specifications for it. 
singhouse produced it—a rugged, lightweight welder 
ngged terrain. One that can go to work anywhere, 
ime... where electric power is not easily available. 
te new Westinghouse engine-driven welder on wheels 
maller, lighter, but with big-welder stamina. Powered 
afour-cylinder, 1800 rpm, Hercules industrial engine, 
hanger is designed and built to NEMA standards... 
‘rating of 200 amps, 30 volts, 50% duty cycle, with 
elding current range of 20 to 250 amperes. This wide 
gt of welding current adjustment is divided over four 
tapping ranges, in each of which stepless current 
ustment is obtained by rheostatic control. 

wily transportable on 2-wheel, spring-mounted pneu- 
tired, standard road gauge running gear for road 
ing at high speed. Also available without running gear 
tationary mounting. 

tre’s the welder you've been asking for—built for 
¢, continuous use on any kind of job. Welder comes 
mplete, with all essential accessories, for immediate 
“ing service. For full details, write Westinghouse 
ciri¢ Corporation, P. O. Box 2025, Buffalo 5, N. Y. 


J-21417-3 


Westinghouse 
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BIRMINGHAM 


1948-49 officers have been elected by 
the Birmingham Section as follows: Chair- 
man, Lloyd C. Stiles; Vice-Chairman, 
R. L. Williams; Secretary-Treasurer, Don 
H.Curry; Chairman, Program Committee, 
A. E. Pearson; Chairman, Arrangements 
Committee, J. Thompson Vann; Chairman, 
Membership Committee and Reactivation 
Committee, W.B. Browing. 


CHATTANOOGA 


1948—49 officers have been elected by 
the Chattanooga Section as follows: 
Chairman, Louis Chambliss; Vice Chair- 
man, Jack von Schaaf; Secretary-Treasurer 
John W. Kelker, Jr.; Executive Com- 
mittee, Clarence Miller, Horace H. Peek, 
R. E. Lorentz, Jr., J. F. McElwee and 
P. O. Leach. 


CINCINNATI 


A fish fry for all members of the Cin- 
cinnati Section was held on May 2lst 
on the Farm of the Cincinnati Ventilating 
Co., Duck Head, Ky. 


CLEVELAND 


The first meeting of the 1948-49 season 
of the Cleveland Section was held on 
June 28th at Browns Cottage, and Chair- 
man M. S. Shane, of the Cleveland Elec- 
tric Illuminating Co., outlined a heavy 
schedule of activities for the coming 
season, 

Altogether approximately 30 members 
of the Board of Directors and operating 
committee chairmen turned out to work 
out in detail plans for the coming year. 


DETROIT 


The following officers have been elected 
by the Detroit Section to serve for the 
fiscal year beginning June 1, 1948: Chair- 
man, J. R. Stitt, R. C. Mahon Co., 
Detroit; 1st Vice-Chairman, T. J. Craw- 
ford, Consulting Engineer, Berkley; 2nd 
Vice-Chairman, E. B. Brown, American 
Brass Co., Detroit; Secretary-Treasurer, 
Keith Sheren, Swift Electric Welder Co., 
Detroit; Assistant Secretary, L. A. Strobel, 
Detroit Edison Co., Detroit. 

The following officers have been elected 
by the Saginaw Valley Division: Chair- 
man, Roscoe M. Wheeler, A. C. Spark 
Plug Division, GMC, Flint; Vice-Chair- 
man, R. Koehler, Resistance Welder Corp., 
Bay City; Secretary-Treasurer, Irving C. 
Mattson, Dow Chemical Co., Midland. 


KANSAS CITY 


The following officers have been elected 
by the Kansas City Section for the fiscal 
year commencing May 1, 1948: Chairman, 
George G. Williamson; Vice-Chairman, 





SECTION ACTIVITIES 


H.G Abbott; Secretary-Treasurer, Sam J. 


Walker; Executive Committee Members, 
Karl Schmidt, C. J. Sise, J. Frick, L. N. 
Williams, L. E. Page, E. D. Anderson; 
Chairman, Program Committee, Cecil 
Poarch; Chairman, Membership Com- 
mittee, Joe Viditto. 


LONG BEACH 


The June 21st dinner meeting, held at 
The Sarong Cafe, Long Beach, was 
well attended. Dick Lee of the Alloy 
Rods Co., spoke on “‘Alloys in the Security 
Program,’”’ and Capt. Carmick, of the 
Long Beach Naval Shipyard, spoke on 
his experience with welding in the war. 

The following officers have been in- 
stalled for the fiscal year commencing 
July 1, 1948: Chairman, Ray Davenport; 
Ist Vice-Chairman, Paul E. Anderson; 
2nd Vice-Chairman, Lee Schexshneider; 
Secretary-Treasurer, Jack Young; Execu- 
tive Committee, Fred Ledger, Art Hilse, 
Ed Dash, Bob Wortham, A. J. Smoak, 
Chas. Breese, Paul DePietro, Gail Beck- 
strand, Bert Keeney, Robt. Fricks, Harold 
Fitko; Chairman, Membership Committee, 
Art Hilse; Chairman, Code & Tech. 
Committee, Ed Dash; Chairman, Enter- 
tainment Committee, Bob Wortham; Chair- 
man, Finance Committee, A. J. Smoak; 
Chairman, Publicity Committee, Chas. 
Breese; Chairman, Advertising Committee, 
Paul DePietro; Chairman, Rec. Sec. 
Committee, Fred Ledger. 


LOS ANGELES 


The following officers have been elected 
by the Los Angeles Section for the 1948-49 
season: Chairman, E. O. Williams, Victor 
Equipment Co.; Vice-Chairman, Charles 
Haynes, C. F. Braun & Co.; Secretary- 
Treasurer, Charles Johnston, Victor Equip- 
ment Co.; Directors, Fred Pipher, Guy 
Patterson, M. H. MacKusick; 
Chairman, Charlie Haynes. 


Program 


MAHONING VALLEY 


Annual plant visitation to General 
Fire Proofing Co. Youngstown, Ohio, was 
held on May 13th. One hundred twenty- 
five members and guests attended. This 
company makes steel filing cabinets, desks, 
etc., using welding in steel fabrication. 
Also aluminum office and transportation 
vehiele furniture. This plant visitation 
was most complete and unusually interest- 
ing. A stag dinner meeting was held on 
June 10th at the Dinner Bell, Youngstown. 
Sports shorts were shown as incidental 
entertainment for the meeting. 


NEW JERSEY 


The following officers have been elected 
by the New Jersey Section for the fiscal 
year beginning September Ist: Chairman, 
W.B. Bunn; 1st Vice-Chairman, J. George 
Blind; 


Secretary-Treasurer, P. M. Mat- 
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tern; Executive Committee, Walter Beg. 


erow, H. H. Comstock, R. McPeek, 4 


Brass, 
O. T. Barnett, A. W. Steinberger, R. 


Grodner, E. T. English, E. W 


Wilson, Jr., R. Chelborg; 
Membership Committee, 
Chairman, Advisory Committee, G 
Nigh; Chairman, Program (C: 
Walter Begerow; 
Committee, 


Ray McP 


Chairman 
eek 
W 
mmittee 
Chairman, Publiciiy 
A. Steinberger;  Chairma) 


Educational Committee, J. George Blin 


Chairman, Advertising Committee, 0 
Barnett; Representative, Tech. Soci: 
Council, F. C. Fyke. 


NEW YORK 


An Executive Committee meeting of 
the New York Section was held on July 
14th, at which time the Program Com- 
mittee announced that T. B. Jefferson, 


Editor of The 
accepted an invitation to speak at 
meeting to be held on September 15th 


NORTHWEST 


Welding Engineer, had 


4 


The following officers and members of 


the Executive Committee have be 


appointed for the 1948-49 season: Ch 


man, Robt. J. Stoddard, American Hoist & 


Derrick Co.; 


Minneapolis Chamber of Commerc: 
ecutive Committee, C. R. Behringer, ( 


Vice-Chairman, H. R. Toll 
Co. ; Secretary-Treasurer, Lillian K. Polz 


Ekberg, Marshall Ford, E. E. Hall, Jack 


Hunter, T. M. LeVasseur, W. F. Lo 
mann, V. L. 
W. Scott, E. C. Schroeder and Ray 
Schwabe. 


NORTHWESTERN PENNSYLVANIA 


The following officers have bee: 
pointed by the Northwestern Pe 
vania Section for the year 
Chairman, S. V. Williams, 
Forge Div., Struthers Wells Corp 
Chairman, Ed. J. Brown, 


1948 


T 


Union 


Sage, R. H. Schleuder, | 


Titusvil 


Works; Secretary-Treasurer, W. R. Boyd, 


Boyd Welding Co.; Member FE 
Committee, Fred Perry, Works 
General Electric Co. 


SOUTH TEXAS 


The June meeting was held on th 
at Post 52, American Legion Hall, 1 
ton. The business meeting wa 
ceded by a one-hour floor 
proved to be very entertaining 
majority of those present. 
chairman was presented 
chairman pin. 


show 


with a 


TRI-STATE 


The June meeting 
Section was held on the 23rd at th: 
dome Hotel, Evansville, Ind. Al W 
spoke on the subject ‘‘Pressure Wel 


of the Tri->tat 
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Another NEW IDEA from 
RESISTANCE 


WELDING ELECTRODE 
HEADQUARTERS... 


Eight Flutes increase 
cooling area 70%. 


1.D. is same as O.D. of 
standard water cool- 
ing tubes. 


Mallory Fluted Electrodes’ 


A Mallory Improvement adding 70% more water cooling area 


IGHT FLUTES in the side of the water cooling tubes. This makes for positive cen- 
hole increase the effective cooling area tering of the water inlet tube and guarantees 
70%. The “‘fin-like” effect assures the rapid an equal distribution around the water hole 
transfér of heat from the electrode to the of the heat-removing cooling water as it 


cooling water. A cooler electrode means less leaves the electrode. 


mushrooming and longer life. Also, higher 


| Available now in #2 Morse taper truncated 
rates of production can be obtained because cone tips up to 214" long. Other tapers and 
of less down time for dressing, less time lost longer lengths will be available soon. Your 
because of overheated electrodes. Shop tests inquiries on special lips with MALL RY 
have shown life increases over conventional fluted water cooling holes are invited. 


water hole electrodes of as much as 30%. 


These MALLORY Fluted Electrodes cost 





Fluted Electrodes prevent the formation of you no more than the standard drilled water 

hot spots developing on the sides of elec- hole electrodes. Put them into your pro- | 
trodes due to misalignment of inlet water duction now and enjoy the savings from | 
cooling tubes. The I.D. of the flutes is just another MALLORY development towards 
large enough to accommodate standard water better Resistance Welding Electrodes. | 


In the United Kingdom, made and sold by MALLORY METALLURGICAL PRODUCTS, LTD. 
(An Associate Company of Johnson, Matthey & Co., Limited, Hatton Garden, London, .. 8. 











THE PIONEERS OF 
ELKONITE*, ELKALOY A*, 
MALLORY 3*, MALLORY 538 
and MALLORY 100 METALS. 


t Patent Applied For 





~~ sre 


PR. MALLORY & CO inc RES! STANCE 
MALLORY (:i3ins 

MATERIALS 

ELECTRODES—HOLDERS—SPECIAL DIES AND FIXTURES— 


ELKONITE* METALS—ALLOY ROD AND BAR STOCK— 
FORGINGS— CASTINGS —ACCESSORIES rec. u. s. par. orf. 














PR. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


ADVERTISING 















[wo films, “Pressure Welding on Big 


Inch” and “Helium Welding,’’ were 
shown. 
WASHINGTON 


The Washington Section has attempted 
in early start this season in order to 
arrange an especially interesting program 
for the members. The season’s activities 
will include at least one field trip and one 
demonstration. 


2,444,262—-APPARATUS FOR FORMING 
WELDING TApE—Floyd C. Knight, 
East Cleveland, and John R. Pierce, 
Cleveland, Ohio, assignors, by mesne 
assignments, to Arcrods Corp., a cor- 
poration of Delaware. 
This patent covers a device for forming 
a welding tape wherein the device includes 
a dipping receptacle that has driven fabric- 
guiding means provided therein. Means 
for agitating the contents of the receptacle 
also are provided. 


2,444,565—WeELpDING ELECTRODE HOLDER 
Herman J. Hecht, South Bend, Ind. 

6 Claims. Cl. 219—8) 

Hecht’s electrode holder has a conductor 
shaft slidably mounted within a tubular 
handle member. Means are provided for 
controlling the axial position of the con 
ductor shaft to aid in electrode support 
thereby. 


2,444,654— NICKEL ELECTRODE FOR WELD- 
ING Cast IrRON—Theodore Ephraim 
Kihlgren, Scotch Plains, N. J., as 
signor to The International Nickel Co., 
Inc., New York, N. Y., a corporation of 
Delaware. (5 Claims. Cl. 219—8) 
This special arc-welding electrode in- 

cludes a core wire containing between 98.5 

and 99.5° nickel. A flux including large 

parts of carbon and iron powder and a 

small part of titanium and about 45 to 85 

parts slag-forming materials is provided 

for the core wire. 


2,444,767—Gas-ArRcC WELDING APPARA- 
rus—Richard W. Cobean, Schenectady, 

N. Y., assignor to General Electric Co., 

a corporation of New York. (2 Claims. 

Cl. 219—14) 

This patent relates to a handle for sup- 
porting and supplying gas and electric cur- 
rent to the electrode-holding nozzle of a 
gas-electric torch. The handle has a re- 
silient gas-carrying tube provided therein. 
A roller member bears on the tube, and is 
moved longitudinally of the handle for 
compressing the tube and controlling gas 
flow therethrough. 


The Executive Committee, at a recent 
meeting, expressed regret at the departure 
of A. W. Lubbers from the Section; his 
business taking him from the Washington 
area. Mr. Lubbers has been a faithful 
servant to the Section both in attendance 
as a member of the Executive Committee 
and as a contact man in obtaining motion 
pictures, meeting space and other facilities 
essential to the successful operation of the 
Section. 


ABSTRACTS OF CURRENT 
WELDING PATENTS 


Prepared by V. L. Oldham 


Printéd copies of patents may be obtained for 25c from 
the Commissioner of Patents, Washington 10, D 


2,444,778—APPARATUS FOR WELDING 

TuBinc—Walter Kopec, Cleveland, 

Ohio, assignor to Republic Steel Corp., 

Cleveland, Ohio, a corporation of New 

Jersey. (5 Claims. Cl. 219—6) 

A mandrel for use with atomic-hydrogen 
tube welding apparatus, and the mandrel 
has a special top surface portion provided 
thereon with a gas passage opening at such 
special top surface, is covered in the pat- 
ent. 


2,444,798—ELEcTRODE ADAPTER— Wayne 

E. Wilson, Schenectady, N. Y., as 

signor to General Electric Co., a corpo- 

ration of New York. (5 Claims. Cl. 

219—8) 

Wilson’s adapter is used with carbon 
electrodes in  arc-welding operations 
wherein the electrode holders have a jaw 
spread less than that required. The 
adapter includes cooperating hinged mem- 
bers adapted to be secured to and longitu 
dinally protrude from the jaws of the elec 
trode holder. 


2,444,834—H1GH-SpEED ARC WELDING 

George G. Landis, South Euclid, and 

Norman J. Hoenie, Cleveland Heights, 

Ohio, assignors to The Lincoln Electric 

Co., Cleveland, Ohio, a corporation of 

Ohio. (7 Claims. Cl. 219—10) 

This patented welding process includes 
the feature of imposing on the terminal 
portion of the electrode an arc-welding 
current of such high density that it pro- 
duces more heat by the resistance heating 
of the terminal electrode portion than is 
absorbed by such portion from the arc at 
the electrode end 


2,444,850-1—HEATING AND BRAZING 

Torcu—Malone L. Rogers, Ports- 

mouth, Va. (3 Claims. Cl. 158 

27.4); (2 Claims. Cl. 158—27.4) 

These patents cover a special type of a 
torch wherein two concentric, radially 
separated, annular gas supply ports are 
provided in the torch. Another feature of 
one construction is that the inner gas sup 
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YORK-CENTRAL PENNSYLVANIA 


The following officers have bee: 
by the York-Central Pennsylvania s; 
for the fiscal year commencing ] 
Chairman, R. K. Lee; Ist Vice-C) 
& Keyser; Secret iry, G. A 
Treasurer, C. W. Allen; Chair» 
bership Committee, C. E. Lewis Kerch 
Chairman, Program Committee, Alex } 
man; Chairman, Publicity Com» 
Pfeiffer. 










ply port may protrude axially beyond t 
outer port. 


2,444,994—WELDING FLUx—Kennet! 
Koopman, Kenmore, N. Y., assignor 
Haynes Stellite Co., a corporat 
Indiana. (3 Claims. Cl. 148—2t 
This welding flux includes small a 

of sodium chloride and calcium 

Relatively larger amounts of sodiu 

bonate and sodium sesquicarbo1 

are in the flux, with the flux also 

between 45 and 60% of borax gla 


2,445,747—INDENTATION-FREI 
Michael Watter, Philadelphia 
assignor to The Budd Co., Philad 
Pa., a corporation of Pennsyly 
(8 Claims. Cl. 219—4 
This patent relates to resista! 
ers and one electrode tip is of le 
ter than the other electrode tip. A 
electrically nonconducting mater 
rounds the smaller electrode ti 
bearing face of the tip and the tub 
one electrode lie in a common pla! 
lies at right angles to the axis of t 
trode carrying same 


Employment 
Service Bulletin 


POSITION VACANT 


V-228. Research Engineer. Op 
Eastern University for man ca] 
taking charge of a research prog! 
cerned with the fracture and «i 
properties of steel, Opportunity 
for advanced metallurgical or ci\ 
neering degree. Metallurgical tra 
sirable. Salary up to $3600 dep« 
experience. Applicants for this | 
should submit complete scholas' 
experience record, together with 
photograph. 
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0W-. new improved line of 


Pamsome- TURNING ROLLS 


for bigger profits, _ 
faster production, better welds > 

































7 
Anti-friction bearings used 
where necessary to insure 
easy rotation under heavy 
loads 








New lowered drive mecha- > 
n permits unobstructed 
ading from either end of 


Bronze-and-steel worm 
wheel construction for add- 
ed strength. 


Out of Ransome’s vast war experience in tank 
Capacity ratings, which are con- 
servative, are as follows: Model 
A, 4% tons; Model B, 20 tons; 
Model, C45 tons.* Information 
on larger capacity models on 


welding has come a new, more efficient line of 
Ransome Power and Idler Turning Rolls. Three 
completely new models, A, B and C, offer such 
profit-building features as: anti-friction bearings, 


request. 





to insure easy rotation under heavy loads... anew 
lowered drive mechanism to permit unobstructed 
loading from either end of rolls . . . combination 
steel-and-bronze worm wheel for greater resistance For complete details on this new 
to stresses from heavy loads (a new and exclusive ein line of Ransome Turning Rolls 
Ransome feature)... rubber tired rollers to absorb for Manual or Automatic Welding, mail coupon for 


: ‘ t : special bulletin. 
shock and cushion seams in automatic welding. *In each case, with rubber tired rollers. 


————— ee t—i«S 


Industrial Division 
Ransome Machinery Company 
Dunellen, New Jersey 


INDUSTRIAL DIVISION 













| Please send me, without obligation, the bulletin 
on the new improved line of Ransome Turning 
] Rolls 


DUNELLEN, NEW JERSEY 


NAME TITLE 


COMPANY ‘ 


ADDRESS 


Subsidiary of 
WORTHINGTON PUMP AND MACHINERY CORPORATION 


ciTy ° ZONE STATE 


be cen ene cen ane enn eum can am cum ammenn axes aa 
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ANTHONY WAYNE 


Beck, Virgil S. (B) 
Bienz, Donald C. (B) 
Birt, Glen D. (B) 
Boggs, Garold (B) 
Carter, Carl (B) 

Clark, Max (B) 

Collins, James L. (C) 
Couts, Joe (B) 

Craig, Howard R. (B) 
Cushing, Wm. Marvin (B) 
Diebold, R. A. (B) 
Doty, Glen C. (B) 
Force, Earl (B) 
Grabach, E. L. (B) 
Gray, Eugene (B) 
Johnson, Harry M. (B) 
Kinley, Wayne C. (B) 
Lang, James F. (C) 
Laws, George H. (B) 
Leaming, George A. (B) 
Lombardo, John J., Sr. (B) 
McCoy, R. C. (B) 
McNutt, Russell F. (B) 
Nofzinger, Elmer (B) 
Nofzinger, Ray (B) 
Russell, George H. (B) 
Schmidt, Fred (B) 
Smith, Harold C. (B) 
Snyder, Lorin A. (B) 
Springer, Gerald E. (B) 
Wilson, John Woodrow (B) 
Wilt, Fred C. (B) 
Zimmerman, K. H. (B) 


BIRMINGHAM 
Walsh, Robert J. (B) 
BOSTON 

Cassidy, Perry R. (B) 


CHATTANOOGA 
Hargis, Raymond (B) 
CHICAGO 


Colin, Edward C., Jr. (C) 
Pinsky, Jerome D. (C) 


CLEVELAND 
Ratzburg, Paul D. (B) 
COLUMBUS 

Kelker, David R. (C) 
DETROIT 


Binkley, Theodore M. (C) 
Cinka, Joseph (B) 
Merker, Henry M. (B) 
Stephens, W. R. (B) 
Whitsel, Roy (C) 


INDIANA ’ 

Orelup, Mark J. (D) 
INLAND EMPIRE 
Haskins, Roy (B) 
KANSAS CITY 

Libby, Hugh L. (B 
LONG BEACH 
Koenig, Frederick P. (C) 
LOUISVILLE 
McLaughlin, Carl B. (C 
MAHONING VALLEY 


Jennings, J. Carroll (C) 
Jones, Frank Q., Jr. (C) 





List of New Members 


July 1 to July 31, 1948 


MARYLAND 

Clautice, William E. (C) 
NEW ORLEANS 

Drury, Lloyd Leonard (D) 
Duffy, Mike (B) 

Haddad, Stephen (B) 
Hebert, Kenneth (B) 
Krajovic, Paul (C) 
Martin, J. H. (B) 

Mlinar, E. J. (B) 

Pitman, A. T. (B) 

NEW YORK 

Herzog, Wm. G. (C) 
NORTHERN NEW YORK 
Kearney, Charles F. (C) 
Klein, Joseph H., Jr. (C) 
PHILADELPHIA 

Joseph, Edwin R. (B) 
PITTSBURGH 


Edlund, D. L. (B) 
MacDermaoad, Elliott (C) 


PUGET SOUND 
Freeman, Billy S. (B) 
SAN FRANCISCO 
Keading, Lewis C. (B) 
SOUTH TEXAS 
Wells, James T., Jr. (B 
TOLEDO 


Cammarata, James J. (C) 





TRI-STATE 


Barnard, R. K. (B) 
Dickerson, Morton (B 
Embry, Wesley (B) 
Pedigo, Haskell (B) 


WASHINGTON 
Rieley, Julius H. (C) 


WESTERN MICHIGAN 
Howell, Donald L. (B 


WICHITA 
Taylor, Max (C) 


YORK-CENTRAL PA. 
Zercher, Kenneth C. (B 


NOT IN SECTIONS 


Ambuehl, Paul V. (C) 
Bullard, Ben (C) 
Cartlidge, Willard A. (C 
Chyle, W. W. (B) 
Cohron, O. M. (B) 
Coyle, J. Edward (C) 
Dodd, L. E. (C) 
Edwards, Ira B. (B) 
Fathers, R. B. (B 
Ferris, Thomas Anthony 
Gidel, Elmer G. (C) 
Hamm, Robert Roy, Jr 
Henne, Wm. L., Jr. (B 
Jimenez, Louis A. (C 
Marina, Joe F.(C 
Stokes, Claude (C 
Thomas, Hamp (B 
Torroja, Eduardo (B 












3, Pa. 


Welds in Steel.” 





Metal Congress and Exposition. 


ANNUAL MEETING 
AMERICAN WELDING SOCIETY 


HEADQUARTERS BELLEVUE STRATFORD HOTEL, PHILA., PA. 
OCTOBER 24 to 29, 1948 


The Annual Meeting of the American Welding Society will be held in conjunction with the National 
Some 67 papers in 21 sessions will be given covering every phase of 
welding such as Ship Design, Railroad, Storage Tanks, Pressure Vessels and Piping, Ship Structure Re- 
search, High Alloys-Non Ferrous, Brazing and Metallizing, Cutting, Weldability, Arcs and Electrodes, 
Resistance Welding, Inert-Gas-Shielded Arc, Structural, Maintenance, Automatic Welding, Hard Facing 
and Flame Hardening. 
Everyone can participate in this Annual Meeting. 
Additional papers will be published in the October number. 
papers please send in such discussion at once. 
Hotel reservations should be made promptly. 
with Charles L. Todd, Manager, Housing Bureau, Architects Bldg., 17th and Sansome Streets, Philadelphia 







Some of the papers are published in this issue. 
If you have discussion of any of these 


If you have not made hotel reservations, get in touch 


An unusual feature of this Annual Meeting will be a series of lectures on “The Metallurgy of Arc 


Presented by Dr. R. D. Stout, Department of Metallurgy, Lehigh University, the lectures 


will be given on Monday, Tuesday and Wednesday, October 25th, 26th and 27th, from 4:30 to 6:00 p.m. 
at the Commercial Museum and Convention Halls. 





















































































































































































